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FOREWORD

The Bureau of Radiological Health continues to carry out a

national program designed to reduce the exposure of man to hazardous
ionizing and nonionizing radiation.

Within the Bureau, the Division of Electronic Products (1) develops
and administers performance standards for radiation emissions from
electronic products, (2) studies and evaluates emissions of and
conditions of exposure to electronic product radiation and intense
magnetic fields, (3) conducts or supports research, training,
development, and inspections to control and minimize such hazards,
and (4) tests and evaluates the effectiveness of procedures and
techniques for minimizing such exposures.

The Bureau publishes its findings in appropriate scientific
journals and technical report and technical note series for the

Bureau’s divisions, offices, and laboratories.

The technical reports and notes of the Division of Electronic
Products allow comprehensive and rapid publishing of the results of

intramural and contractor projects. The reports and notes are dis-
tributed to State and local radiological health program personnel,
Bureau technical staff. Bureau advisory committee members, university
radiation safety officers, libraries and information services, industry,
hospitals, laboratories, schools, the press, and other interested
individuals. They are also included in the collections of the Library
of Congress and the National Technical Information Service.

I encourage the readers of these reports to inform the Bureau of

any omissions or errors. Your additional comments or requests for
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PREFACE

This publication contains the proceedings of the Symposium on

Radiation and Protection in Industrial Applications, which was held

at the Sheraton Park Hotel, Washington, D.C., August 16-18, 1972.

With the rapid growth of the use of ionizing radiation for inspection
and testing purposes, it became evident that precautions must be

taken to safeguard inexperienced personnel involved in the use of

the devices. For this purpose five technical and government agencies
cooperated in sponsoring the Symposium. The presentations covered
both general and specific problems, in considering radiation safety.
The discussion served to clarify the intent of regulations, the
details of specific problen solutions, and pointed up the need for
careful consideration of safety with the increased use of industrial
radiation devices.

Robert L. Elder, Sc.D.

Director
Division of Electronic Products
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ABSTRACT

The proceedings of a Symposium on Radiation Safety and Protection
in Industrial Applications, held in Washington, D.C., August 16-18,

1972, include presentations on principles of radiation protection,
safety monitoring instrumentation, personnel monitors, as well as

details of safety in specific applications. Specific problems and
solutions in airline maintenance, pressure vessel inspection, pipeline
inspection, gage installations, tire inspection, parcel and bomb
inspection are included. Current safety recommendations and govern-
mental regulations are discussed.
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Welcoming Remarks

Ralph E. TuAncn., Vncbldcnt
kmcnlcayi Society ^on. Nondatnuctlvc Testing

Ladies and Gentlemen:

Having been involved in the planning and program of the
Symposium on Radiation and Protection in Industrial Applications for
the past several months, it is now my great privilege to welcome you
here today

.

This symposium represents the efforts of a great many people.
The speakers who will address you have been carefully selected to
bring you the top authorities in their field - you will find their
names on the program. The "behind the scenes" workers are too numerous
to mention without upsetting the time schedule, but the organizations
they represent are:

The American Society for Nondestructive Testing

The Atomic Energy Commission

The Bureau of Radiological Health of the U.S. Department of

Health, Education and Welfare’s Food and Drug Administration

The Health Physics Society and -

The National Institute of Occupational Safety and Health

We wish to publicly thank each and every one for bringing this

symposium into being.

It has now been many years since the last symposium on this
subject was presented. Last fall when this symposium was still in

the idea stage, the most frequently heard remark was "it’s about time

for another." Therefore, this program has been designed with "something
for everyone" in mind.

For those who are just beginning to use the penetrating radiations
of x-ray and gamma ray in their work, you will find the ways and means
of making your job safer for yourself and those around you.
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For those who have been engaged in this field for some time,

we will help you wade thru the mass of federal, state, and local
regulations which now confront us.

For those of you who cannot remember all that is presented in

this symposium, the proceedings will be mailed to you in about 6 weeks.
These proceedings also prove to your boss that you were attending
something worthwhile.

For those of you who have your wives with you, a most fascinating
ladies program has been planned and gets underway today.

And, for those of you who brought your families, Washington has
much to see - many sights and sounds both historical and in the news
that will long be remembered.

So, there is truly a little something for everyone. It is hoped
that when you leave these sessions, you will be a little wiser, a

little smarter, and will have a little greater appreciation for the

radiation tools you work with.

Thank you very much for coming.
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John C. Vilifioath, Vitiecton

BuAeau ol Radiological Health
Food and Vnug AdminiA&iation

Rockville, Md.

It is a real privilege for me to join Ralph Turner in welcoming
you to this symposium on industrial radiation protection.

This has been billed as the first symposium of its kind in the
United States. I can't vouch for that, but I do believe it to be
unique in that it brings together, as sponsors, five of the principal
government agencies and professional societies concerned with the
safety of radiation workers.

The roles these organizations have to play are in most respects
complementary. The Department of Labor and the National Institute
of Occupational Safety and Health are mutually supportive in their
concern about radiation in the working environment. Electronic
product radiation control responsibilities rest largely in the Food
and Drug Administration's Bureau of Radiological Health by delegation
under Federal Law. The Atomic Energy Commission has both equipment
and environmental responsibilities where these arise from the use of
reactor-producted radioactive materials. Dedication to advancement
in radiation technology and safety is shared by the American Society
for Nondestructive Testing and the Health Physics Society.

As Mr. Turner has suggested, this symposium is long overdue.
In fact, I think he would agree that the need for it has become urgent.
Sponsorship by five of the leading organizations in the field under-
scores the significance many of us attach to this event.

Recent years have seen a rapid increase in the use of radiation
in industry. The increase has been both in terms of the total number
of devices used and in their variety and, in some cases, sophistication
and health hazard potential.

No longer can our concern for the radiation worker be focused
primarily on the adequacy of his protection in the use of fairly
well standardized x-ray equipment. We today not only have new types
of x-ray devices to worry about, but also must concern ourselves
about the safety of equipment using radioactive materials. At the

same time, we must be alert to possible dangers in the use of non-
ionizing radiation equipment—new lasers, radars, and microwave
devices—and ultrasonic generators.
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We have today a dimension of need in industrial radiation
protection that few of us could have anticipated a few years ago.
It is not my purpose to discuss the challenge that confronts us as

the result of the use of 20,000 industrial x-ray machines; something
like 100,000 lasers, and tens of thousands of various kinds of
commercial and industrial types of microwave equipment, including
radars. The magnitude of that challenge will be detailed by other
speakers

.

Fortunately, we have resources for improving industrial radiation
protection that were not available to us a few years ago. Among
these is the Radiation Control for Health and Safety Act. Under
powers granted by this act, we can issue standards for the control
of electronic product radiation. We have issued a standard limiting
radiation from commercial as well as domestic, microwave cooking
ovens. We have in preparation and expect to issue before long
standards covering the radiation control performance of lasers and
cabinet industrial x-ray machines. Details of this work will be
discussed with you by a member of the Bureau of Radiological Health
staff Thursday afternoon.

I would like now, however, to make a point about the limitation
of equipment standards, no matter how effectively enforced, in radiation
control. Much more than a standard, for example, will be required
to achieve acceptable protection in the use of industrial x-ray
equipment. There are many reasons why this is so. I want to take
about a minute of your time to call attention to a few of them.

One is the fact that super voltage x-ray machines today are
being used in open environments—in outdoor storage areas or warehouses

—

with the work space roped off by operators who may use only portable
shielding to protect themselves. This means, in our judgement, that

operators ought to be trained in radiation protection problems, since
such problems arise with each use of the equipment. Few operators,
to the best of our knowledge, are so trained.

Another reason why the cabinet x-ray standard can be regarded as

no more than a start toward industrial x-ray safety is represented
by the rise of the new technology of x-ray fluorescence analysis.
The process uses high output x-ray tubes to produce secondary x radia-

tion for quantitative and qualitative nondestructive chemcial analysis.

One of our concern is with the use of demountable shielding for x-ray
sources of such high intensity. Such shielding may deteriorate
through wear. The hazard worsens, of course, when the operator
neglects to use shielding.
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Comparable shielding problems arise in the use of x-ray diffraction
equipment. Here also x-ray intensities are high and movable shielding
fittings may work loose or the shielding simply may not be used. With
this equipment there frequently is the added hazard of the pencil-like
beam to which a worker might be exposed without having the exposure
detected in a personnel monitoring device.

It seems totally clear that worker protection problems in the
uses of industrial x-ray equipment never can be wholly met by an

equipment performance standard simply because all elements of safety
cannot be covered by equipment design. Much always will depend upon
the training and judgment of users.

Problems of radiation protection in industry are indeed complex
and difficult. Yet the challenge of them must be met, if we are not

to be denied the benefits of progress in an important area of industrial
technology. Most of the resources for solving the problems are

represented in this room. I am pleased to be a part of the organizations
that have arranged this symposium and am pleased to see so many sharing
this common interest.
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PRINCIPLES OF RADIATION PROTECTION - An Exercise in Judgment

Laurdston S. Taylot

i

National Council on Radiation
Protection and Measurements

Washington, V.C.

Ionizing radiation has been known to man for over seventy-five
years and only for a few weeks less than that time it has been
recognized that if man is exposed to large amounts of radiation he
may suffer injury of an obvious and definable nature. What is not
known is whether there is some lower limit to the exposure below which
man will not suffer injury and above which he will. Now there is

nothing especially unusual about this state of affairs, except for
one element, namely that as compared with most if not all other
possible injurious agents, ionizing radiation (referred to hereafter
as radiation) has always been a part of man's natural environment.
Even though recognized as a part of his environment, there is no
known way in which its presence can be eliminated or, for a practical
matter, modified or counteracted. Man has always lived in a somewhat
hostile environment and in some respects the great difference between
man and other animal life is the fact that in most situations he has
been able to learn to live with, to control, to modify, and, in some
instances, eliminate his environmental hostilities.

For all practical purposes, radiation is just another toxic agent
or pollutant depending upon how you think of it. Basically, it is not
really very different from many other toxic agents as to its effects
and as to how it can be avoided or controlled. In spite of this, the
concern about radiation as a toxic agent, and its control, has been
treated very differently from most other agents and it is important
that we develop some appreciation of this fact.

People concerned about the possibility of radiation hazard point
out that the insidious thing about radiation is the fact that you can't
see it, or taste it, or smell it, or feel it. Indeed, at the normal
levels of exposure for radiation workers and the public this is so.

But in the slang of the day - so what's new? The same would apply to

a host of other toxic agens with which, for better or worse, we live.

Radiation produces cancer, may have adverse genetic effects, and
usually has long latent periods between exposure and effect. Again,
there is nothing unique about this. It might apply to certain
insecticides if left on fruit or simply used in the garden or on the
farm. Even the natural gas which we pipe into our homes cannot be
seen or tasted and can be smelled only because the gas companies have
deliberately added an odorant.
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On the other hand, radiation can be readily measured in degree
and detail with portable or semi-portable instruments that will function
at levels far below any that have ever been shown to be deleterious.
The same cannot be said for many of the other toxic agents injected
into our environment.

Now these remarks must not be misinterpreted as downgrading
of the potential hazard of radiation or the need for protection against
radiation. They are designed mainly to put the radiation problem into
some kind of reasonable proportion and acceptance with respect to
many other hazards introduced by agents which we have come to accept
as essential to our way of living. But here we are faced with the
real problem. How do we decide what is in reasonable proportion and
who makes these decisions? The answers to these two questions are
certainly not yet resolved and I am not certain that I can see the

day when they will be to the satisfaction of everyone. Any solution
to the problem involves a blending of science and technology on the

one hand and value judgments on the other, and there is nothing unique
in this either. The same argument applies to most other toxic agents
and it was clearly recognized in the radiation protection field as

far back as the early 1920’s when they began to try to develop
quantitative relationships between radiation dose and what might be
acceptable in terms of biological effect. It opens up what Weinberg
has described very aptly as an area of tran-science - the combination
of science, social values and judgment, no one of which by itself can
offer conclusive solutions to the problem. (1) (23)

Having stated the problem, it would be instructive to go back to

the origin of our radiation protection standards and especially to see
how the earliest concepts that were developed almost exactly fifty
years ago are still basically with us. This will be a salutary exercise
but it does not point out any obvious next steps to overcome the
problem or to allay the apprehensions of a large sector of our public
that is less familiar with the problem than we are.

The main concern for radiation protection was initially in the
medical profession where, because of repeated exposures, many of the

early radiologists were mortally injured and there was serious concern
lest radiation use as a diagnostic tool might have to be curtailed.
There was concern also for the patients but it was only rarely, and
then due to accident or gross carelessness, that diagnostic exposures
caused any effects that were seriously regarded as injurious. On the
other hand, it was the multiple exposures day after day that clearly
caused the problems to the radiologists and his assistants. As the
hot cathode Coolidge tube came into use and energies began to be
pushed higher and higher, the industrial implications of radiation
became increasingly important and since that is the area of concern
to this conference it will also be my main area of emphasis.



10

It was not to be until 1949 that the first clear statement was
made as to the boundary conditions for permissible occupational ex-
posures. (2) This statement was developed by what is now the National
Council on Radiation Protection and Measurements and a few years later
was picked up with some refinements in language, but embodying the same
principles, by the International Commission on Radiological Protection. (3)

The NCRP statement was as follows: "Permissible dose may then be
defined as the dose of ionizing radiation that, in the light of present
knowledge, is not expected to cause appreciable bodily injury to a

person at any time during his lifetime. As used here, 'appreciable
bodily injury' means any bodily injury or effect that the average
person would regard as being objectionable and/or competent authorities
would regard as being deleterious to the health and well being of the
individual." The question outstanding, is how to define the upper
limit of what would be permissible and what would be the lower limit
to what would would be regarded as objectionable. To see how these
questions have been treated we should go back to the origin of our
radiation protection standards structure - back to the 1920's.

For many years, up to about 1923, clinical dosimetry was in terms
of what used to be described as a biological unit. This was the
threshold erythema dose (TED).* By experiment and clinical experience,
the single dose of radiation necessary to cause a skin erythema was
gradually defined in terms of operating parameters such as tube current,
tube voltage, distance and time. Doses were then described in terms
of fractions or multiples of the skin-erythema dose. But because of

the many biological factors involved in a skin reaction, even this
evaluation was subject to errors as large as 200% or 300% between
different observers although the same observer could probably repeat
his results within ± 50% or even 25%.

When it came to the problem of trying to define a tolerance dose
for radiation workers in terms of a skin erythema, the problems were
still further multiplied because of the lack of knowledge of the dose
where the operators might be located, and the effect of extreme
fractionation of the exposures at levels of exposure far below those
which would normally apply to a patient in the beam.

In 1925, Mutscheller, (4) using improved x-ray absorption data
for walls and barriers, made computations of the dose at the positions
of operators in a variety of installations that were then regarded as

well-designed and shielded. At the same time, he observed that

*Variously called skin erythema dose (SED')
, haut erythem dosis (NED)

,

etc.
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working in these areas showed no untoward effects when they were
exposed to levels which were calculated to be of the order of one TED
distributed over a year's time. On this basis, he recommended a

"tolerance dose" of 1/100 of a TED/month (approximately 1/10 TED/year)
as safe for radiation workers. The important point to note here is
that he was basing his recommendation on a lack of observed effect;
he was applying his judgment that if 1 TED/year resulted in "no effect",
1/10 TED/year should certainly be tolerable. It was the first of many
examples of judgment being applied in the absence of information, and
followed the general principle used in toxicology.

Quite independently, Sievert in Sweden was carrying out a similar
study, again based on the analysis of working conditions in a series
of well-shielded installations; his approach was somewhat different. (5)

He first estimated that without any allowance for the time factor or
recovery it would take somewhere between 1,000 and 10,000 years of

exposure to receive a skin erythema dose from natural background radia-
tion. On the basis of the lower figure, he judged that 1/10 of a skin
erythema dose/year would be acceptable for radiation workers.

In still another study carried out independently, although a year
or two later, was the work by Barclay and Cox (6) and again involving
dose estimates made under typical operating conditions; as in Mutscheller's
case, the x rays were less than 200 kVp. In their case, they felt

they had two individuals whose exposure over a six-year period could
be evaluated within the uncertainty of all of their other measurements.
While expressed somewhat differently from the two earlier workers their
results could be converted to skin erythemas and interestingly enough
turned out to be of the order of 1/10 of a skin erythema dose/year.

Now one would be very tempted, upon looking at this information,
to feel that three experiments carried out independently in three
different countries and all arriving at the same apparent answers would
lend credence to the absolute significance of the final results. But
careful analysis indicates, as already pointed out, that the only
relationship between dose experience under working conditions and a

dose regarded as tolerable for radiation workers was arrived at purely
by judgment . There is nothing in any of the three papers mentioned
above to indicate any profound reason as to why they should all arrive
at the same result.

The problem of trying to quantitate any expressions for tolerance
dose was complicated during this period by the lack of any agreed
system of quantities and units for the measurement of ionizing radia-
tion. While there were some systems that agreed to within perhaps ±

20%, or occasionally better, others differed by as much as 200%. It

was not until 1928 when the Second International Congress of Radiology
adopted the roentgen as a quantity and unit for the measurement of x
rays that some system began to come out of the chaos. (7)
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However, immediately prior to this, various attempts to evaluate
an erythema dose in terms of "roentgens" (of some variety or other)
were being made by a number of observers. In 1925, Meyer and Glasser (8)

analyzed a number of such studies available in the literature; for

measurements made with a small ionization chamber on the skin of a

patient they arrived at a value of about 1300 roentgens (with
backscattering) as the amount of radiation needed to cause a threshold
erythema. A year or two later, Kustner in Germany, following the
circulation of an elaborate questionnaire to a dozen or so of the

better radiation institutes, arrived at a value of about 550 R for a

skin erythema where the measurements were made in air (without back-
scattering). (9) Both observers called attention to the many variables
involved in the determination. Because Kustner' s measurements were
made in air without some of the uncertainties due to backscattering,
and because his study appeared to be much more sophisticated than that
of Meyer and Glasser, there was a tendency to accept his analysis as

the one leading to a best value for a skin erythema dose. It should
be pointed out that the values reported to Kustner varied from 400
roentgens on the low side of 650 R on the high side, and that one
observer reported a range of observation from 450 - 625 R, so it is

clear that there was nothing very accurate about the overall result.

There was a strong dependance of the TED on the radiation quality. It

was, however, the best that was then available. Again, as a matter
of judgment , his value of 550 R measured in air was generally accepted.

It was not until 1934 when the NCRP decided to use Kustner'

s

value (rounded out) and Mutscheller's suggestion of 1/10 of an erythema
dose per year as the basis for a tolerance dose, that the first value
for a daily tolerance dose, expressed in roentgens, was agreed upon. (10)

Kustner's value of 550 R (measured in free air) was rounded out to

600 R, the number of working days in a year was taken as 250 and this

calculated out to a value of 0.24 R/day. But because any such number
would appear to have significance beyond the value of the basic data,

and since the errors in the basic data were so large, this was rounded
down to 0.1 R/day.

Six months or so later the ICRP, going through the same exercise;
using a value based on 600 R/erythema, and the German proposal of 10 5

R/sec as a tolerance dose, they arrived at a value of 0.25 R/day,
which was rounded down to 0.2 R/day.

It is important to note that we had now, for the first time,

arrived at what appeared to be a quantitative value for a permissible
radiation dose for radiation workers. It should be remarked that all

values for a permissible dose for radiation workers, up to the present
have been derived on one basis or another from these early proposals.
It would be almost amusing, were it not so basically unfortunate, to

realize how in the succeeding 4 decades we have so slavishly followed
a number system based on the background that I have just outlined.
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Out of all of this, it is essential to note that through all of

this work there has been no injury or effect of any kind observed
among people who might have been exposed to such levels of radiation.
It is therefore crucial to our understanding to realize that any
translation from that early background to our present number system
has been derived on the basis of the exercise of good judgment -

probably the best judgment that has been available to deal with the
question.

The next important recommendation on permissible doses had to do

with ingested radium. On the basis of then very limited evidence, the
NCRP in 1941 recommended that radium workers not be allowed to

accumulate a body burden of more than 1/10 microgram of radium. (11)
It was not until a number of years later that the validity of this
recommendation was quantitatively evaluated by the work of Evans (12)

and others who, indeed, found no cases of identifiable radiation
injury in individuals who had body burdens of less than 1/10 microgram
of radium. It turns out that a body burden of 1/10 microgram of radium
would deliver a dose to the bone of the order of 25 rems/year.

The next major step occurred in 1949 when the NCRP reviewed the

whole radiation exposure problem in view of the enomous changes ex-
pected to take place as a result of the discovery of atomic energy.
Primarily because it would be expected that many more people would be
exposed in a wide variety of ways to many different kinds of radiation,
the NCRP recommended lowering the permissible dose for radiation
workers from 0.1 R/day to 0.3 rem/week, a factor of roughly 2. (2) (13)

It must be noted here that this change in permissible dose was
made without a single observation of injury to anyone exposed at the

earlier levels (e.g. 0.1 R/day). Their basic definition for permissible
dose was that quoted above.

If one examines with care, the recommendations made by the NCRP
in 1949 they will be struck by their apparent elaborate structure and
limitations. (2) There was one basic reason for this, which was again
a matter more of j udgment than of demonstrated necessity. The NCRP
confidently anticipated a rapid expansion of industrial as well as

medical and experimental applications of radiation, and that there was
a serious possibility that radiation workers might be exploited by
industry by allowing them to be overexposed and then simply laying
them off or discharging them. This was a guiding influence in the

NCRP recommendations for the next decade, but by that time many
regulatory procedures and controls were instituted by the Atomic Energy
Commission, as well as by industry. Within a few years it became
fairly obvious that such exploitation was much less likely then had
originally been thought. At the same time, as events have developed,
there were further lowerings of the permissible dose level for radiation
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workers to the point where even if there was some minor abuse of

exposure limitations by industry it was believed that the possible
effects would be unimportant. As a matter of fact, at whatever level
might be set by an appropriate regulatory body, industry, as a matter
of practice, set its administrative permissible levels very substantially
lower so as not to risk any chance of overrun. This practice,
incidently, has lead to a situation where each time, and for whatever
reason, there may be some pressure to lower the exposure levels it can
usually be shown that "this would not exert any hardship on industry
because they are already maintaining lower exposure levels". This is

true, except that when the levels are so lowered industry again makes
its normal step downward and the cost is passed on to the consumer.

In passing, the NCRP introduced some other concepts in its 1949
report. (2) For example, it recommended that exposures of minors
should not exceed 1/10 the permissible dose for radiation workers; in
fact this resulted in the same limitation for the whole population.
The basic reasoning was that while no effects on the general population
had been observed at that time, or at any other time since, the

population as a whole was less amenable to the close control and
scrutiny than the working population exposed to radiation. Also,
because the NCRP wanted to encourage further improvements in protection
practices, it recommended, in addition to its numerical standards, that
radiation exposure of radiation workers and of the population be kept
as "low as practicable."

Recognition that occasional accidents or "overexposures" would
occur with little likelihood of serious results, the NCRP recommended
the allowance of "once in a lifetime" exposures for radiation workers
up to 25 rem/year and half of that value for planned exposures under
emergency conditions . Such an exposure occurring to an individual only
once was not regarded as having any critical influence on his net
radiation exposure status.

For special purposes, it was also recommended that persons over
age 45 (an age where the genetic importance of radiation injury is

minimal) the permissible dose be allowed to be double that for the

younger workers. This is a concept that has not generally been adopted
by regulatory bodies or industry but it is still regarded as being
reasonable for special purposes. It is now recommended specifically
for certain situations involving the handling of patients containing
radioactive materials.

In 1956, reacting to the concern about the effects of world-wide
fallout from weapons testing, the National Academy of Sciences in this

country (14) and the British Medical Research Council in England (15)

drew attention to the possible genetic effects of radiation. Following
this, both the International Commission on Radiological Protection (16)
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and the National Committee on Radiation Protection (17) (18) recommended
lowering the permissible dose to the gonads of radiation workers to a
value of 5 rems/year. This was again done without any direct obser-
vations of a genetic or any other effect on either animals or the
human population. It was done purely and simply as a matter of goo d

judgment and what have since turned out to be some rather questionable
experimental results, obtained at higher doses, that showed certain
genetic effects on drosophila. (19) (20)

With the levels as low as 5 rems/year it was becoming increasingly
clear that small overruns in a year's time would be without significance
yet there seemed to be no legalistic way for dealing with an averaging
process. To meet this objection the NCRP, in January 1947, (17) in-
troduced the concept of trying the radiation worker's exposure to the
number of years that he worked after reaching age eighteen (occupational
radiation exposure was not permitted for people under age eighteen)

.

The NCRP introduced the well-known formula that the permissible dose
in rems to a radiation worker could be expressed by the relationship
5 (N-18) rems where N is the person's age and is greater than 18.

(This was suggested to the NCRP by one of its members, H.M. Parker.)
While the relationship has only been used occasionally, it has never-
theless been of great value in averting the laying off of radiation
workers simply because of a small administrative overrun in recorded
exposure

.

Another concept introduced by the NCRP at that time was the
modification of the earlier allowance of permissible doses of 3 rems

in 13 weeks. Here an interesting quirk came into the picture because
the possibility was visualized that for some reason a radiation worker
might be allowed to receive his full quarterly dose in, say, the last

day of one calendar quarter and then receive his next quarterly dose
on the first day of the succeeding quarter. While not really believing
that this had biological significance, the NCRP feared a possible
exploitation of the worker by industry. To avoid this, it expressed
what might have been a quarterly dose in terms of 13 consecutive weeks.
In retrospect, this turned out to be a bookkeeper's nightmare because
it meant that a running weekly record would have to be kept for each
individual worker. Needless to say, the idea was rarely utilized. On
the other hand, the Atomic Energy Commission in its Part 20, specified
a quarterly allowance of 1.25 rems in a specified calendar quarter.
This had the effect of putting back into the recommendations the kind
of rigidity which the NCRP had tried to avoid. But on the other hand,
the "13 consecutive week" principle is an example of where overcaution
turned out to be not only unneeded but really unworkable.

We have now gone through three major steps in the development of

our radiation protection philosophy and standards and it should be
emphasized again that all of this is still without any basis on observed
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effect, let alone injury. Moreover, it is important to note that the

numbers used up to this time relate back directly to the uncertainties
of the skin erythema dose and the conflicting measurement technology
of the 1920's.

There is still one further step in the development. By the late
1950's there was growing public concern about radiation hazards and
great emphasis was placed on the reduction of radiation exposures -

especially of the population. It should be noted that where the in-
dividual exposure allowed for radiation workers was 5 rems/year, the
permissible exposure (or dose limit) for the individual in the population
was 1/10 of that or 0.5 rem/year. By the end of the 1950 's, there was
an increasing amount of biomedical data on the effects of individuals
of large exposures of radiation. Much of this came from the analysis
of the Japanese survivors; it was valid information for large doses
and high-dose rates and it was found that there appeared to be a

linear dose-effect relationship for these exposures.

In 1958, the NCRP established an Ad Hoc Committee to study the
problem of the somatic effects of low-level radiation exposure on the
population. (21) The committee, of course, had no clinical or animal
data to work with and they followed what has been considered to be a

conservative logic in theorizing that if the dose-effect relationships
at high doses and high-dose rates appear to be linear and might be
extrapolated to zero in a single straight line, such a relationship
might be applicable to dose-effect relationships at very low dose
and low-dose rates where no data exist. Such assumptions would mean (1)

there could be no threshold below which radiation effects would not
occur, (2) all doses, no matter how received, would be additive and

(3) there would be no biological recovery. It represents what is

believed by most scientists to be the most conservative relationship
between dose and effect, but it also means that for any dose, however
small, there may be some effect, also however small.

If this is true it becomes purely a matter of j udgment as to

where to set permissible standards, and that is precisely the dilemma
into which we have worked ourselves during the past decade.

In the development of this concept, there were many reservations
and explanations but if the linear dose-effect relationship is taken
at its face, and you literally accept the relationship as fact rather
than as assumption or model, you can presumably calculate the number
of people that will be killed by any level of radiation exposure that
you wish to use. This is precisely what has happened during the past
three or four years. A couple of authors predicted a "kill" up to

100,000 people a year - in the minds of the average reader and the

public - due to the use of current standards applied to the generation
of electric power by nuclear means. Another author predicted that
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the medical profession would "kill" a third of that number because
radiologists are not sufficiently careful about diaphraming their x-
ray beams. Still another author predicts a "kill" of countless babies
by exposure to radiation from power reactors at radiation levels far
less than the natural background radiation. What has happened is that
each of these people have taken the assumptions or models and used them
as though they were facts.

Still other pressures have pushed the NCRP concept of "lowest
practicable" to the point where the Atomic Energy Commission is now
considering a design level of 5 mrems/year for the radiations resulting
from the operation of water-cooled power reactors. (22)

If you carry the numbers back to the basic point of origin, namely
the skin erythema dose, you would find that at the rate of 5 mrems/
year it would take an individual 120,000 years to accumulate 1 threshold
skin erythema. Recall that it was found by various people in the
1920's that exposures at the rate of 1 erythema dose/year could not
produce any effect which they were able to find at the time.

The difficulty with all of this is that we have long since reduced
our permissible radiation level so low that it is difficult to see
how there can ever be observations on enough people to obtain any
statistically significant indication of effect or injury. As an

example, Weinberg (24) has estimated that it would require a population
sample of about 8 billion people, exposed to radiation levels of 170
mrem/year, to obtain a statistically significant demonstration of any
effect on that population group.

At this point, it would be interesting to examine some of the
problems that are facing us in the industrial applications of radiation
protection standards. Bearing importantly on the uses of another
concept introduced by the NCRP in its 1949 report, was the clear
recognition of the possibility, even though unproven, that any exposure
to radiation may involve some element of risk. (2) This has been
referred to as the "risk philosophy" and has led directly to the

concept that if there is indeed risk associated with any exposure it

is important that there be some off-setting benefits associated with
the risk. This has led to a lot of heady talk about "balancing" risk
and benefit. But that is like trying to make a comparison between
elephants and oranges when there is no common unit of measurement for

any of the comparative characteristics. On the other hand, it is

possible to recognize certain benefits in general terms. It is also
possible to assign costs to protection attempts and to assign values
to various kinds of risks in industry, including radiation. But when
one considers that at the permissible exposure levels for radiation
workers no risks have ever been observed, this becomes a big exercise
in arithmetic and even a bigger exercise in j udgment . Where our whole



18

system of protection standards up until today has depended upon
judgment values , the assignment of comparative values to these must
be orders of magnitude more difficult and more remote from significant
and practical achievement.

There is one area in which there is clearly a benefit from the

application of radiation to people; that is, of course, medical
diagnosis and treatment. While the benefit cannot be dealt with
quantitatively there can be no question that it exists. On the other
hand, the risk, if any, is clearly undeterminable.

An example of risk/benefit comparison which resulted in the

elimination of what was the standard practice took place many years
ago and led eventually to the outlawing of the shoe-fitting fluoroscopes

.

This is an area in which my laboratory was involved back in the 1930's,
at which time it was determined that while the scattered radiation in
the neighborhood of such a machine was not really very great, the

application nevertheless was irrational from the point of view of the

results obtained. The only information such observations gained was
that there was a foot in the shoe; it showed nothing whatever about
the perfection of the fit.

At the same time we examined some portable x-ray equipment
designed for use in gasoline filling stations with the idea that
patrons could examine their own automobile tires. From the point of
view of shielding, these machines were much worse than the shoefitting
fluoroscope and risk to the user must have been fairly large. The
benefit would have been to determine whether there was a faulty tire,

the failure of which would endanger occupants of the car. Aside from
the fact that there was small likelihood of finding the kind of flaw
that would be dangerous, it would be difficult to assign a risk value
let alone a benefit value to the situation involved.

Another example occurred during the years of the war of 1941 when
shipyard or other plant employees were sometimes subjected to whole-
body exposures of radiation for the purpose of detecting stolen
property. The risk was not known, but it took very little judgment
to decide that however small the risk it was probably not justified
to offset the possible loss of tools by the industry.

A somewhat related possibility faces us today in connection with
our apparent inability to halt the sky-jacking of aircraft through
the checking of passengers and handbaggage for bombs or weapons. The
latter can be accomplished, at a cost, without undue risk of any of

the airport personnel. However, it is an entirely different problem
if the situation becomes so serious that our present methods of in-
spection of passengers and their carry-on baggage fails and sky-
jackings continue. While we have not yet had a major fatal disaster
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from such causes, the possiblity remains alive and at some point we
may have to make the decision to radiologically inspect all passengers
and their handbags as they go aboard. Current technology has reduced
the necessary entrance exposure for these purposes to extremely low
values, ('0.03 mR) . Nevertheless, the traveler may be unwilling to
subject himself to this kind of risk even though he may incur a risk
of ten times this amount each hour of flight due to radiation simply
while traveling at the altitude of conventional jet planes. (Exact
comparisons are risky.) Here is a situation where people over age
45 might accept such checking without qualms but where the effects,
if any, would be greater on the younger people who have yet to take
part in conceiving children. The problem might (in theory, according
to the linear dose-effect relationship) be more serious for women who
may be pregnant since the foetus has a greater radiosensitivity. There
will be the question of deciding whether that kind of risk is greater
or less than the risk of losing a plane full of passengers in flight
or even on the ground.

Application of the principle of "lowest practicable" radiation
exposure is certain to cause increasing problems if the concept is

expanded to applications other than the water-cooled nuclear reactor.
It is, indeed, sound to require design factors that will assure
maintenance of exposure levels as far as practicable below the prescribed
population dose limits for a particular application, but a rigid en-
forcement of these on a broad scale could, if carried to extremes,
lead to unreasonable situations and chaotic conditions. At the same
time, we can find no technical justification for lowering the basic
permissible standards below those established and in current use.

The "lowest practicable" concept was intended to be used with
judgment, common sense and reason. It is, in essence, a first step
in dose apportionment. Perhaps we were naive enough t 20 years ago
to think that such factors could be applied easily in a practical way.
But, recent attempts to legislate judgment, common sense and reason
into monolithic laws and regulations seem to have undermined the basic
concept itself.

The implications arising from the attempted use of the "least
practicable" concept in regulations are of concern to the NCRP. It

is generally accepted that laws or regulations should be uniform in

their application to all within their jurisdiction. Indeed this is

one of the prime virtues of laws or regulations. The "low as

practicable" concept, however, has merit precisely because it allows
deviation from the radiation protection standards which are, indeed,
designed to be applicable to all. The attempt to specify by regulation
what is "least practicable" appears to be an unfortunate melding of

concepts which vitiates the merits on each side. It undoes the

assured uniformity of regulations because deviation on a case-by-case
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basis would appear essential, and yet removes from those subject to

the regulation, the responsibility for ascertaining what need be done

to meet the "least practicable" criteria.

The general question of the extension of regulatory procedures
in the radiation field is not without its difficulties. For a while
it appeared, in addition to the Atomic Energy Commission's standards
for radiation under their control, that states might adopt their own
standards at various levels below those set by the Commission. This
could lead to only chaotic results and unnecessary and wasteful
bickering and arguing between states and between industry and workers.
While this situation appears to have been settled for the moment by
the courts, I feel that it will be facing us again from time to time.

It has already been noted that among primary concerns of the
protection bodies in the past has been fear of exploitation of workers
by industry. Fortunately, this has not proved to be the problem that
it was once thought it might be, but it does not mean that it could
not be a problem in the future. It is something against which industry
must carefully police itself and it is something about which labor
must be reasonable and rational.

There is no question that in the future this country will be
increasingly dependent upon power generated by nuclear means and it

behooves industry not only to be constantly alert to the problem but
also constantly open about how it it dealing with it, so that public
does not lose confidence in industry's willingness and ability to "do
what is right".

Essential components of such things as aircraft, reactor components,
pipelines, and hundreds of other devices will be subject to inspection
by radiographic means and each of these involves some risk of exposure
to the people making the examination. On the other hand, the risk to

third parties due to failure of a part can be overwhelming so we have
here the very difficult task of balancing the risk to one person
against the benefit to, or safety of, another completely unrelated
pers on.

I have mentioned only a few of the problem areas that face us in
the applications of radiation in industry. They will certainly grow
and their solutions will be based in part on the technical findings of

radiation effects on man. But, as far ahead as we can see, they will
be based even more on the judgment and wisdom of man. They will depend
on moral attitudes towards injury to the worker on the one hand, and
safety and a "better life" to someone else on the other. They will
involve important decisions of economics and very often important
political decisions. The problem has been, and still is, how do you
bring together all of these necessary inputs and conglomerate them into
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a single useful output in terms of a radiation safety practice and
standard?

One could go on for a long time citing examples of problems that

lie before us; this discussion has touched only a few. In conclusion,
I want to emphasize that in calling attention to how our standards
are derived, what their technical basis may be and how we use them,
it may appear to some people that I downgrade the problem. I do not.

I am simply trying to present the picture as it is. It has been my

business to be concerned about radiation protection for just about
50 years as of this year and I am not about to give up my drive to

better our protection practices. On the other hand, there are times
when I reach the point of feeling that we have borne down so heavily
on the question of radiation hazard that we may be forcing ourselves
into a situation of accepting alternate hazards of a kind, severity
and variety about which we know far less.
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DISCUSSION FOLLOWING DR. TAYLOR'S PRESENTATION

MR. AMAN : The considerations in radiation safety are based on

the fact that we should protect ourselves against cumulative dose.

Dr. Taylor touched on this when he said that there was no evidence
that there was no biological recovery. I wonder if there's any more
expansion that he could make on the subject of biological recovery.
Is there any chance that in the future, through experiments, one will
be able to prove that there is some biological recovery?

DR. TAYLOR: You don't need to prove that there is. Biological
recovery is the underlying principle that's involved in radiation
therapy for moderately large doses of radiation. You can, by
fractionating dose, that is, delivering the dose over a period of

several days, deliver much more dose then you could if you delivered
it in one day. I had a friend, some years back, who had a total
therapeutic dose of 20,000 rads to the whole trunck of his body
distributed over a period of about five years. He died some ten
years or so after the completion of that radiation therapy. That's
an outstanding example. We don't know that biological recovery is

complete. It probably is not complete. The damage is probably,
and this is not well established, less per rad when the dose is

given at small dose rates and at small dose levels then it is given
at high dose rates and high dose levels. Quantitatively we don't
know too much about this phenomena except that we know that is

the direction of the trend.

MR. AMAN: We are required to wear film badges or dosimeters in
one area of the body. I'm wondering Dr. Taylor, whether there have
been any experiments in monitoring whole body exposure where more than
one dosimeter has been worn by radiation workers to sort of monitor
the occasional small beam exposure?

DR. TAYLOR: I can't cite specific examples but various studies
have been made, particularly in clinical operations, where they have
badged people from head to foot in order to find out what kind of
distribution of exposure they might have been receiving. The common
practice, as you all know, is to wear one badge. Under most circumstances,
this is probably all right because there are only limited circumstances
where you have narrow beam situations. On the other hand, you can make
a total miss, as far as narrow beams are concerned. We had an example
of such a miss in our laboratory years ago. It was discovered by
indirect means. People had been walking through a small beam of
radiation—about two centimeters in diameter. For how long we never
quite knew. The radiation was at a height where it would not hit
any of the film badges as they were normally worn. One person
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accidentally wore the film badge close to the region of the beam
and it showed something. That is one case of where there was a

complete miss. Bear in mind however, that an exposure of the body
to a beam of roughly a given strength, two centimeters in diameter,
is relatively unimportant compared to walking through a beam of the
same strength but say two feet in diameter. When a very small portion
of the body is involved the risk to the individual is proportionately
less. So it’s not necessarily a very serious problem, but one you
ought to try to guard against.

M. G. WILLIAMS (Navy Department) : Dr. Taylor, would you comment
on the advisability of monitoring people who are not radiation workers.
Take for example at an airport. If the airport workers were worrying
about a radiation device a significant distance away, what would the

psychological impact be on badging? These non-radiation workers?

DR. TAYLOR: Well, the situation ought to be such that non-
radiation workers can not get into an area where there is enough
radiation to be concerned about. In other words, if radiographic or
fluoroscopic inspection of baggage is to be performed, it ought to be
confined in an area such that the casual person, the average worker,
can’t get into that area. The people who are supposed to be there
should be monitored. If the others have to go into the area occasionally,
they probably should be monitored too. And this incidentally, is going
to scare some people.

MR. WILLIAMS: Wouldn’t it be psychologically useful for the

people working in the next room to let them wear a badge and see that
they are not getting any radiation?

DR. TAYLOR: Yes, if they're worried about their radiaion, give them
a badge but don't go to the expense of putting the film in it. We had
a wonderful example, again in our own laboratory, years ago. One of
our theoretical physicists was doing our scattering calculations. He
knew as much about radiation as anybody of whom I can think. There
was a small source of polonium that somebody had been using, and it

was in a little dish. When the person didn’t want to use it, he set
it off on the windowsill to one side. This theoretical physicist
began raising hob about this. He wanted that dish covered up. He'd
lean across the windowsill and look across the campus as he thought
about his problems. How much radiation exposure was he getting? Not
very much but nevertheless he didn’t like it. So his supervisor un-

wrapped a pack of cigarettes and laid a piece of the foil from the
cigarette package over the top of the dish and the physicist went
back to gazing out the window. These are psychological problems that

sometimes can be dealt with easily and sometimes not at all. You
will have those problems, but, for a practical matter, such a situation
ought to be so set up that a person outside of the concerned area simply
can't get a radiation exposure at a level which is regarded as important.
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MR. DEWTON (Verona, New Jersey): Dr. Taylor, you didn't touch at

all on the matter of quality of radiation. How much is the quality
of radiation involved? I mean you can get a certain dosage at low
voltage or high voltage, etc.

DR. TAYLOR: The quality is very much involved and has to be
taken into consideration in any real control of radiation exposure.
I didn't say much about it because it's too complicated a problem.
You can be exposed to radiation that will not go any further then
maybe into your clothes or just a little way into the skin. This

presents a very different kind of a problem than high energy radiation
which can penetrate your entire body and can radiate all of your
critical organs as well as the rest of the body, to fairly high dose
levels. The quality is very important, and is taken into consideration
in any kind of minitoring program that's worthwhile.
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Before discussing specific problems in the use of x- or gamma
ray monitoring equipment, I believe it would be well to describe, at

least in a general way, the standards which form the basis for radi-
ation measurements, in terms of exposure rate, in this country.

The unit of exposure rate is the roentgen, which is defined as

that amount of x- or gamma radiation which will produce 2.58 x 10“^

coulombs of charge per kilogram of air. This is identical with the
old definition, that is 1 e.s.u. of charge per .001293 gram of air
or 1 cnr of air at standard temperature and pressure. The experimental
realization of this unit is accomplished by means of an instrument
called a free-air ionization chamber. The figure 1 shows the
NBS standard free-air chamber on the track in front of a 250 kilovolt
constant potential x-ray machine. A cross section of this chamber
is shown in figure 2. Although there are various designs for free-air
chambers, the NBS standard chamber is of the parallel plate type
with one plate at high voltage and the opposing three plates being
two guard plates with a collector plate in the center. The x-ray
beam to be measured is defined by a circular diaphragm at one end
of the chamber and the then collimated beam proceeds through the
chamber between the parallel plates. The length of the collector
plate and the area of the defining diaphragm are known very accurately
and therefore the volume of irradiated air is known. The electric
field between the high voltage and collection plates sweeps out the
ions created between the plates and the ionization current is measured
by means of an electrometer. I should point out that the parallel
plate system is contained in a steel and lead enclosure to provide
protection from electromagnetic interference and to reduce radiation
background effects. This enclosure is necessary but influences the

electric field between the plates because it is at ground potential.
To eliminate distortion introduced by the grounded enclosure, the
parallel plate system is surrounded by a peripheral system of guard
wires. The guard wires are all connected to a voltage divider which
graduates the potential uniformly across the chamber from the high
voltage plate to the guard-collector plate system.

Having established the volume of air to be irradiated, it is then

necessary to collect all the ions generated by the x-rays and to

measure the charge, since the quotient of the charge, in coulombs,
and the mass of air, in kilograms, is a measure of the exposure in
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roentgens. If this is done by a rate-of-drift method, the ionization
current is equal to the capacity of the electrometer system multiplied
by the rate of change of the voltage or

I = C
AE

At
(Coulombs per second, or amperes)

This, of course, allows a calculation of exposure rate. In practice,
since our free-air chambers are open to the atmosphere, the computation
of exposure rate is carried out using the known collection volume,
with corrections for temperature and pressure to standard conditions,
rather than using the mass of irradiated air.

Free-air chambers operated at atmospheric conditions are useful
for standardizing x- and gamma ray beams as long as the loss of ionization
due to plate spacing limitations is not large. This is a limiting
condition for high energy x- or gamma ray measurements since, in order
to collect all the ionization that an energetic electron is capable
of producing, large plate spacings or pressurized chambers are required.
To obviate such measures, we have recourse to the cavity ionization
chamber and the Bragg-Gray theory for high energy x- and gamma ray
measurements. A cross section of a cavity chamber designed by
Wyckoff is shown in the figure 3. The chamber is fabricated from
high purity graphite, an element with atomic number near the effective
atomic number for air in the energy region of use. (The mass energy
absorption coefficients for air and carbon are nearly identical in
the energy range from 0.2 to 2.0 MeV.) The same techniques are
utilized for the current measurements from the cavity chamber as for
the free-air chamber and a simplified version of the expression
used for calculation of the exposure rate, for both methods, is:

9 1
X = 3 x 10 AE

n k.
X

Both instruments require corrections for temperature and pressure
to standard conditions, and for recombination loss, that is, the loss
of ions by recombination before they can be collected. These corrections
are included in the Ilk. term along with corrections that are peculiar
to each instrument. A list of the special corrections pertinent to

the free-air chamber and the cavity chamber is given below.

Free-Air Chamber Cavity Chamber

Air Attenuation
Electron Loss
Photon Contribution
Field Distortion

Wall Absorption
g c

Stopping Power Ratio (m air ) .

Energy Absorption Ratio (m)J C )

Stem Scattering

All these corrections are dimensionless and near unity.
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The calibration of instruments against these standards is carried
out by a substitution method for the x-ray and standard free-air chamber
system, and by placing the instrument to be calibrated at an appropriate
distance from a high energy gamma ray source, which has been calibrated
previously with cavity chambers. The exposure rate from the source is
calculated from an equation derived from least squares analysis of
data for measurements at several distances, and a decay correction
for the elapsed time since the original measurements.

The result of an instrument calibration is a correction factor
for those instruments which have scale markings in roentgens or
roentgens per unit time, or a calibration factor for thos instruments
which require measurement of an ionization current. Unlike the
dimensionless correction factor, the calibration factor will have units
of roentgens per coulomb

.

The variation of instruments correction factor over a range of
x- or gamma ray energies is governed to a large extend by the material
used as a transducer of energy from the radiation field to the
metered signal. This conversion occurs through the various inter-
actions of the photons with the atoms of the detectors, that is,

through the photoelectric effect, the Compton effect, and, if the
photon energy is greater than 1.02 MeV, pair production. The result
of this dependence is that the response of radiation measuring instru-
ments follows the general shape of a plot of absorption coefficient
versus photon energy. This, of course, is not true in detail since
there are many factors such as penetration, and combinations of

detector materials, which modify the detector response. However, in
general, the instrument response increases and decreases with the

absorption coefficient. The exception to this generalization is

when the x-ray energy is so low that a large fraction of the radiation
is absorbed in the wall of the detector without producing secondaries
energetic enough to reach the measurement volume and produce a signal.
When this occurs, the response of the instrument is dramatically
reduced.

The three kinds of radiation monitoring instruments which I will
discuss are: the ion chamber, GM tube, and scintillation survey meters.

The figure 4 shows the response of three ionization chamber
survey meters of the same type to various energies of radiation. The
shape of the curves is typical although the magnitude of the sensi-
tivity variation is not. The increase in sensitivity, as the energy
of the radiation is reduced to about 80 kilovolts, is due to the

increasing importance of the photoelectric effect in the interaction
of the radiation with the ion chamber wall materials, the collection
electrode, and any other substance used in the chamber construction.
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The decrease in sensitivity as the x-ray energy is further reduced
is due to the absorption of radiation in the chamber wall.

Modem ionization chambers do not have the extreme sensitivity
variation shown . Instruments of the ion chamber type have been
advertised as having a sensitivity variation of only +15% over the
energy range from about 15 keV to 1 MeV. For measurements at energies
below about 50 keV, the wall of the chamber should be thin, and provision
for this is ordinarily made by removing a cap, or slide, leaving
only a thin electrically conducting membrane as the wall of the chamber.
With this modification, the variation in sensitivity can be less
than 10% for x-ray tube potentials between 10 kV and about 50 kV.

In addition to the dependence of ion chamber readings on the
energy of the radiation, the response of the instrument is dependent
on uniform irradiation of the chamber since that is the condition for
which the calibration of the instrument has been set. Measurement of
collimated beams of dimensions smaller than the chamber dimensions
will be erroneous, the seriousness of the error being greater - the
greater the disparity in the dimensions. However, if the relative
sizes are known, a correction factor can be computed.

Associated with non-uniformity of irradiation, and especially for
small beams, is the possibility of reduced instrument sensitivity due
to the recombination of ions before they can be collected.

The measurement of ionization currents is accomplished by means
of an electrometer, the essential elements of which are a group of
high megohm resistors, a special vacuum tube, or one of the newer
solid-state elements, and a meter circuit. The electrometer operates
as a current amplifier since the ionization currents, which are of

the order of picoamperes, that is, lCT^A, are converted by the high
mehohm resistor and electrometer tube to meter currents of the order
of microamperes; that is, a currect amplification factor of one million.
A concommitant problem with these electrometer circuits is their
sensitivity to electromagnetic interference, necessitating shielding
of the chamber collection electrode and associated wiring, and their
susceptibility to leakage currents due to dirt on insulators or
humidity effects.

One additional problem associated with ionization chamber-electro-
meter instruments is the possibility of instability introduced by
irradiation of the instrument with an exposure rate much higher than
that for which the instrument was designed. If the circuit incorporates
an electrometer tube, it will be temporarily disturbed but eventually
will return to normal operating condition. However, if a solid-state
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element such as a MOS FET is used in place of an electrometer tube,
it is possible that it will be permanently damaged by too large a

signal.

Although there is some overlay in range, an instrument capable of
detecting lower exposure rates than the ionization chamber instrument
is the GM tube survey meter. The data for two instruments are shown
in figure 5. The dependence of these instruments’ response on
the energy of the radiation shows the characteristic increase in
sensitivity, in this case near 100 kV, and then a decrease as absorption
in the wall increases. In the case of the 6993 GM tube, the probe
shield has been removed. This tube has a thin wall and detects some
of the low energy radiation but its response below about 20 kV is such
that its sensitivity is less than 0.10. If the probe shield were
allowed to remain on this type of GM tube, radiation of energy below
about 75 kV would be undetected.

The basic elements of a GM tube survey instrument are the probe
itself, a high voltage supply, a pulse-shaping circuit, and a meter
circuit. Each pulse from the GM tube - high voltage supply is shaped
into a pulse of a particular amplitude and width and supplied to the

meter circuit. For a large number of pulses per unit time, the current
through the meter is relatively uniform and, for a particular energy
of radiation, the meter can be calibrated in terms of roentgens per
unit time. As the exposure rate increases and particularly if the
radiation energy is in the region of high sensitivity, it is possible
for the instrument reading to decrease to only a small fraction of

the incident exposure rate. This has been found to occur even though
the potential on the tube is maintained in the plateau region and all

systems are functioning properly. Under these circumstances, the GM
tube is operating like an ion chamber conducting a relatively large
direct current which is not transmitted to the pulse-shaping circuit.
The onset for this effect was found to be at about 20 R/h for -^^Cs
gamma radiation and for a particular instrument with maximum range
of 50 mR/h. With reference to the energy dependence curve, for

100 kV x-rays, where the sensitivity is too high by a factor of ten,

the exposure rate which would cause this effect is only about 2 R/h.

The remaining type of instrument to be discussed is the scintillation
survey instrument. Of the three types, this is the most sensitive,
with the lowest range being, typically, 0.025 mR/h. The instrument
consists of the detector (a substance which scintillates under
irradiation), a photomultiplier, a high voltage supply, a preamplifier,
a discriminator-pulse shaper, and a meter circuit. In comparison with
the basic elements of the GM type instrument, the scintillation survey
meter has in addition the preamplifier and discriminator. The pre-
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amplifier is added because the pulses produced may be much smaller
than those produced by a GM tube. The discriminator is used to

discriminate against noise such as might be present from a high
voltage power supply. These block diagram- type details are brought
out because there are certain problems which can occur in the use of
scintillation-type instruments which are related to the operation of
these circuit elements.

The figure 6 shows the characteristic increase in sensitivity
for some scintillation survey instruments as the radiation energy is

decreased from the gamma-ray energy of ^Co a t which point the data
are normalized. The increased sensitivity is again due to the
increasing importance of the photoelectric effect, as in the case of
the other instruments; however, in this case, each interaction of the
radiation with the detector produces a scintillation and a pulse, the
amplitude of which is related to the energy of the incident x- or
gamma ray. As the radiation energy is decreased, the pulse size
decreases until eventually the discriminator-pulse shaper does not
pass them on to the meter circuit. In this case, the energy dependence
of the instrument is not determined by the detector alone since one
of the circuit elements is modifying the instrument response.

An effect similar to that observed with the GM tube instruments
has also been observed with scintillation-type survey instruments,
that is, an increase in reading with increasing radiation levels
until a point is reached where the instrument saturates and further
increase in exposure rate causes a decrease in reading. Although the
end result is the same for both types of instruments, the causes are
different. In the case of the GM tube, a large dc current is drawn
from the tube at high exposure rates, but in the case of the scintillation
instrument, the reduction in sensitivity at high exposure rates can
be due to fatigue of the photomultiplier tube.

Let me conclude by summarizing some of the problems encountered in
using survey instruments for monitoring x- or gamma rays.

Ionization chamber instruments are reliable instruments for
measurement of exposure rates from a few mR/h up to very high exposure
rates. The energy dependence for ionization chambers is such that the
sensitivity is high in the region of 80 to 100 keV but decreases at
lower energies. Very high exposure rates can produce instability in
electrometer- type instruments and can damage other types of amplifiers.
Care must be exercised to protect the insulation from dirt and moisture
and the collection electrode must be shielded from electromagnetic
interference

.



The GM tube instrument is also very reliable in operation and is

capable of detecting lower levels of radiation than the ion chamber.
It is not very useful for exposure rate measurements, except at the
particular radiation energy for which it is calibrated, since its
sensitivity can vary with energy by orders of magnitude. In addition,
at high exposure rates, the instrument reading may decrease unless
special precautions are taken to insure an off-scale reading.

The scintillation instrument is the most sensitive of the three
types discussed but also requires more sophisticated circuitry. They
have the same characteristic increase in sensitivity basic to all
detectors in the photoelectric region but the energy dependence may
be modified by a discriminator setting. In addition, at exposure
rates greater than the instrument range, the instrument readings may
decrease with increasing exposure rate.

Below is a table which shows some of the characteristics
of the type of monitoring instruments I've discussed. Ion chambers
are used for radiation measurements over a wide range of exposure
rates, from thousands of roentgens per hour to a few milliroentgens
per hour. As such, they can be used for measurements in catastrophic
events as well as at protection levels

.

The GM tube instrument is useful as a detector of radiation and
is used primarily for protection level measurements while the
scintillation survey instrument is used for protection measurements
and prospecting for radio-active materials.

Some Characteristics of Radiation Monitoring Instruments

Detector

Uses

Range

Energy

Ion Chamber

Catastrophic
Events and
Protection

1000 R/h to

1 mR/h

Relatively
(15-1000 keV) Flat

Circuitry Simple

GM Tube

Protection

50 mR/h to

0.5 mR/h

Highly
Dependent

Simple

Scintillating
Crystal

Protection and
Prospecting

5 mR/h to

0.025 mR/h

Highly
Dependent

Moderately
Complex
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J. H. Ailken, L. Dt laVngnt, W. H. Henry and T. P. Loflut

Figure 2



Meter

Reading

Ratios

:

T

_

Applied

Exposure

Rate

(normalized

to

unity

at

1250

keV)

35

Figure 3

Figure 4



Relative

response

to

constant

exposure

rate

36

Effective Energy (kev)

Figure 6



DISCUSSION FOLLOWING MR. LOFTUS 1 PRESENTATION
37

MR. AMAN : I know the AEC requires us to calibrate, or have our
meters calibrated, every three months. From your experience, can you
give us the amount of drift that we can expect to see in the meters
over a three month period?

MR. LOFTUS: My experience in instruments, is of standard quality
instruments. In this regard I'm speaking of something like the Victoreen
condenser meter instrument. In our experience, calibrating our own
instruments, where the instrument is kept in our laboratory under what
I consider to be excellent conditions, no one drops it or damages it,

and the instrument is kept dry, etc., an instrument such as this will
reproduce its calibration factor to about plus or minus a percent over
a period of years. I emphasize that of course this is with great care.
An instrument in a medical facility that is used every day by people
who don't observe the precautions that we observe, will show more
change in the reading. In regard to survey instruments, you would
have to talk to someone in a health physics program.

MR. BERK (Frankford Arsenal): I'm wondering if the Bureau of

Standards has evaluated any survey instruments which are useful in
the presence of RF radiation? Another question I have is, does the
Bureau of Standards provide any evaluation of commercial instruments
for the range over which they can be used and their effectiveness?
Also, does the Bureau of Standards provide any calibration services
to industry or other government agencies?

MR. LOFTUS: We have a fee schedule which describes in detail the

kinds of calibrations of radiation measuring instruments that we will
perform. And as I said earlier, usually this is reserved to instruments
that are of standard quality, that is, one that will maintain its

calibration factor over a reasonable period of time with good care.

Anyone who wishes to have the fee schedule describing this kind of

work can write me a letter and I'll send you a copy. In regard to evaluation
of survey type instruments, we have had, for a number of years, projects
with other government agencies whereby we would look at their prototype
instruments and provide them with information as to whether or not the

particular prototype complied with its specifications. In the course
of this work, I'm sure that at some time we have looked at problems
of electromagnetic interference with instruments. But I don't recall
this as being a particular problem with the instruments we tested. I

think that this can be a problem with certain kinds of instruments
where there might be a thin menbrane as a wall of the chamber and where
it may be used in the vicinity of a radar installation.
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MR. BERK: As far as I know, there is a Department program that
has been going on for maybe 10 or 15 years to develop a monitoring
instrument for use for microwave radiation where you also have ionizing
radiation present. I haven’t seen any commercially available. One of
my first experiences with a large corporation was an evaluation of

a piece of radar equipment. The health physicist used an ion chamber
type of survey instrument and he said—Look at this, there is zero
radiation. But I noticed that the indicator drifted to the left
showing that there was interference. For many years this piece of
equipment was being used with a very high pulse of ionizing radiation,
but after we used an rf shield, we found out that the radiation was very
high.

MR. LOFTUS : I’m sorry. I don’t have any up-to-date information
on that

.

MR. GLASSER: (Nuclear Associates) From your description of various
instruments, it seems like the GM tube is the most rugged and ideal
for field use, yet it’s probably not too good because of the energy
dependence. What is your comment about calibrating that type of GM
tube for a specific energy so that it would be good for field use.

MR. LOFTUS: That’s exactly what I said, that GM tube
instruments probably wouldn’t be good for exposure measurements
unless they are calibrated at the particular energy for which they
are to be used. Of course if a standard is set up that is always
going to exist and have a particular energy, then you can do this.
The instrument will then be very useful because it can be very
sensitive. It may be that if the energy you are trying to monitor
is low energy, you may have to get a special thin window tube, in
order not to have a decrease in sensitivity.

MR. BERGER (Argonne National Lab.): Would you comment on the
difficulties encountered when measuring radiation which extends over
a very short time period, such as that in the new breed of pulse x-ray
machines?

MR. LOFTUS: I have no personal experience along that line but I

know it’s a serious problem. An answer is to use an integrating type
instrument. These are available on the market. Some operate in both
modes, rate and integrate. If the pulse radiation rate is very high
there may be the problem of lack of saturation. There may be some solid
state instruments that are available today which one might expect would
have faster response than an ion chamber instrument with the long time
constant.
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PERSONNEL MONITORING

bJtlttam 8. Plvktn
Health Phy^lcA AAtoclcuteA

Htgktcmd Pa/ik, lit.

NEED

The need for monitoring X-Rays was recognized in the United
States in 1896 as shown on the chart compiled by Ron Kathem^' Fig. 1,
which lists the "Chronology of Early X-Ray Protection Efforts in
U.S."

Although monitoring needs were noted, extensive speculation
existed as to what needed to be monitored. "Static burns", "High
frequency electrical induction" and other causes were blamed for
the effects of ionizing radiation^) .

The first recorded award for damages, caused by ionizing
radiation, in 1899, may have stimulated thinking, in the area
of radiation control in general, and personnel monitoring in

particular^)

.

EARLY DOSIMETRY

(4)
In 1925 Mutscheller reported that members of his staff received,

what he described, as about 1/100 of a threshold erythema dose (or

skin unit dose) per month.

A subsequent determination by radiologists established a skin
unit dose as 600 R and therefore the tolerance dose for workers was
determined to be 6R/month or, based on 200 hrs. /month, 30 mR/hr.

In 1934 NCRP adopted the tolerance dose of 0.1 R/day and the

ICRP of 0.2 R/day.

The first personnel monitoring device was therefore, the skin of

the radiation worker; the discoloration of which, that is, its

reddening or erythema, was the basis for the first radiation tolerance
dose

.
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FILM DOSIMETRY

Fortunately, reddening of the skin was supplanted by other dosimetry
methods, the most popular being the "blackening" of film, with infinite
advantages but also significant limitations, which we will try to

summarize at this time. Before we can state proper utilization of

film dosimetry, it is necessary for us to explore the mechanism of

the system.

PHOTOGRAPHIC RESPONSE

The physical principles underlying the dosimetry of ionizing
radiation by photographic emulsions are concerned with a fundamental
photographic process, the mechanism of energy transfer from radia-
tion to emulsion, and the response of emulsion to radiation.

Most of those attending this meeting are well aware of the

above principle. Briefly, the mechanism is as follows:

The sensitive material, an emulsion, usually 10 to 25 microns
thick, consisting of small silver halide crystals in gelatin, is

coated on one or both sides of an acetate base. When exposed to

light or ionizing radiation a "latent" image is formed.

Development of the film is in principle simply an amplification
process, whereby the few silver atoms which constitute the latent
image are multiplied by a factor of about 10^2 until the full grain
is converted to elemental silver. It is this chemical amplication,
comparable with the gas discharge amplification in a Geiger-Mueller
counter which permits photographic emulsions to compete in sensitivity
with other dosimetry methods.

EXPOSURE - DENSITY RELATIONSHIP

The method often used for representing the response of a film
to light, X-rays or gamma rays, is to plot the developed density
produced by an exposure (vertical axis) against the logarithm of

that exposure (horizontal axis) . The curve that results is known
as the characteristic curve of the film and is shown in figure 2 '*^ .

Characteristic curves are obtained by giving a film a series of

known and increasing exposures to known energy radiation, carefully
developing the film by a specified procedure and then plotting the

net densities against the logarithms of the exposures. The net
density is simply the density difference between a piece of exposed,
processed film and a piece of unexposed, processed film or, the

net density is that density produced by the exposure only.
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A typical characteristic curve has a slope that at first increases
with increasing densi ty (the toe); then, in the middle range of
densities, the slope becomes almost constant; and finally, at

higher densities, the slope may decrease as density increases (the
shoulder). As shown in figure 3, if the curve is extended beyond
the previous graph, reciprocity failure occurs as densities exceed
5 at doses of over 100 R for x-ray and 1800 R for high energy gamma
rays

.

Figure 2. represents characteristic curves of monitoring films
produced by Eastman Kodak Co. and used by most commercial suppliers
of film dosimetry services. The film badge may contain one of several
film packets available. A type 2^

packet consisting of a single film
with a fast emulsion on one side and a slow emulsion on the other
side, a type 3 packet consists of two films, a fast double coated
film and a slow single coated film.

Note that the faster films have the advantage of higher sensitivity
but reach the upper density limits sooner than the slower emulsions.

The lower curves of Figure 2, having been plotted with higher
energy gamma radiation, are displaced to the right, or exhibit lower
sensitivities to given radiation dose than do lower energy x or gamma
rays

.

DYNAMIC RANGE

The dynamic range of a photographic device is usually of the
order of 10^:1. A packet with two dissimilar films can extend this

range to 10^:1. The lower limit is governed by the density of the

blackening above fog; the upper limit is determined by the radiatio
level at which the emulsion becomes insensitive to further exposure

The range over which a given photographic film is useful depends
on the characteristics of the emulsion, the filtration used, the

processing technique and the type and quality of the exposing
radiation.

Within reasonable limits, photographic emulsions exposed to X
and gamma rays do not exhibit reciprocity failure; i.e., their
response is independent of exposure rate. Experimental studies have
shown this to be true of many sensitive emulsions, particularly at

relatively low optical density, for exposure rates up to 10^ R/s.(5).
Some reciprocity failure has been observed in emulsions at high
density levels as are seen in Figure 3. All emulsions exposed to

light exhibit serious reciprocity failure. Hence combinations of
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films and scintillators are not suitable in dosimetric applications,
although some work has been done with film - scintillator combinations
to intensify the photographic effect(33), Stacking of films also serves
a similar purpose: that of intensifying the image as would thickening
the emulsion on a film.

ENERGY RESPONSE

The variation of film sensitivity with radiation energy is

shown in figure 4 .

Relative sensitivity (in terms of the reciprocal of exposure in
roentgens required to produce a particular density) is plotted against
the energy or effective energy of the radiation. The sensitivity to
monochromatic x-rays is shown by the dashed line; to bands of heavily
filtered, heterogeneous x-rays, by the solid line. Effect of the
K absorption edges of silver and bromine is shown on the dashed curve.

The ascending portions of the curve in figure 4. indicates that
film sensitivity is increasing with increasing radiation energy -

i.e., the characteristic curve is moving bodily to the left on
the log exposure axis; the descending portions indicate that film
sensitivity is decreasing as energy is further increased, and that
the characteristic curve is moving to the right on the log exposure
axis. The graph indicates that when film is exposed to filtered
heterogenious radiation to produce a given density, they require
the least exposure at an effective energy of B. Characteristic
curves for several effective energies of heterogeneous x-radiation
are reproduced in Figure 5 . Note that all the curves are of similar
shape, differing only in their lateral location.

The method used to compensate for energy dependence on radiation
quality involves an array of filters being placed over the monitoring
film. In its simplest form, this consists of an open window in the

monitoring film badge - no filter - and other areas covered with up

to 1 mm of various atomic-number elements, such as cadmium, silver,
aluminum, copper or tin. Figure 6 . shows a typical film badge with
different absorber materials; open window where only paper wrapping
acts as absorber, plastic badge construction material, and provisions
for up to four different metallic filters. Radiation exposing the

film in the "open window" area is largely low-voltage radiation.
Although hard radiation also exposes this area, but the response of

film to the hard radiation is only about 5% (or less) of its response

to softer radiation and is negligible in most monitoring procedures.
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In the filter areas, the density of the film is almost entirely
from the hard radiation exposures, since only a very small proportion
of the softer x-rays can penetrate the filters and reach the film

(Figure 7 ) . The total dosage can be obtained by independently
evaluating all densities in terms of roentgens (on the appropriate
calibration curve) and adding the individual determinations. Figure 8 .

showns such a calibration curve for an actual overexposure (6) to
10 MeV electrons. Net optical density is plotted against dose,
readings of the exposure are shown as a series of four short horizontal
lines. An average of these readings gives a dose of 310 rad to the
film badge. Since this represents electron exposure of a known energy,
badge interpretation was simplified. By increasing the number of
filters, this method can be extended to allow individual determinations
of the exposures in each of several energy bands.

DIRECTIONAL DEPENDENCE

Ideally, a photographic dosimeter should have perfectly spherical
geometry for uniform response to radiation from all directions. The
sheetlike configuration of photographic film thus represents a

drawback inherent in the photographic method.

Figure 9 . shows the directional dependence of an early NBS film
dosimeter (7)

.

The directional response is somewhat exaggerated on
this slide in that the film was wrapped in a bakelite holder and the
absorbers are mounted on the outside of the film packet.

When high-atomic-number absorbers are used over the film packets,
the directional dependence is increased, since the effective thickness
of an absorber differs with the direction of the incident radiation.
Figure 9. shows the directional dependence of the DuPont film type
510 in the sketched NBS film dosimeter when exposed to a collimated
beam of radiation under laboratory conditions. While accurate within
20% for all radiation energies above 0.11 MeV, and for angles of

incidence between zero and 25 deg, the NBS dosimeter underestimates
the low-energy radiation components by as much as 80% for an angle
of incidence of 80°.

( 8 )
Figure 10 shows work done by Paic of Yugoslavia v indicating

directional dependence of various energy X-rays, filtered through
0.97 mm Cu filter. Figure 11 shows such dependence exists for low

energy X-rays even when exposed to unfiltered film through the open

window of the badge.
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FLUCTUATIONS IN FILM SENSITIVITY AND PROCESSING

FLUCTUATIONS in film sensitivity and processing are represented
in Figure 12 . Brodsky, et al^l) estimated the limits of sensitivity
of Kodak type 3 film. The coefficient of variation for a single
film measurement may be represented over the range of 1 - 400 mR by
the approximation:

/D=0 .12 + (o . 8/D)

= standard deviation in units of mR between films
exposed to the same gamma dose D in mR.

Coefficient of variation of 12 week cumulative total and in 52

week cumulative totals of weekly Kodak type 3 films is plotted in
Figure 12.

TEMPERATURE AND HUMIDITY EFFECTS

(9)Kathren, et al showed that high humidities may produce
decreases by as much as 50% in film response to gamma radiation, even
when films are exposed to environments for as short a duration as
24 - 48 hours and are developed immediately after radiation exposure.

Decreased readings sometimes attributed to latent image fading
may be due to. inhibited image formation as well as fading. Ziegler
and Chleck^ 1 ' exposed films to radiation before subjecting them to

extreme environmental conditions. The data indicates a significant
effect of humidity on latent image fading, over prolonged periods of

several months

.

Encasing film in water impervious jackets with some dessicant
material would improve reliability of film dosimetry.

FILM NEUTRON MONITORING

Difficulties in photographic monitoring of neutrons stem from
the fact that neutrons, being non-ionizing, do not directly affect
photographic film. Neutrons may be made to produce photographically
effective radiations which can be evaluated. The methods are charged
particle track counting, the most sensitive and commonly used, and
film density evaluation.

CHARGED PARTICLE TRACK COUNTING

Personal Neutron Monitoring Film is designed for measuring, in

a suitable film badge, exposure to slow 0.5 MeV, and fast neutrons.
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Although neutrons will not in themselves expose film, nuclear reactions
within the film and surrounding materials will produce protons, whose
tracks in the emulsion are a measure of neutron exposure. Slow neutrons
give rise to the nuclear reaction -^N(n,p) by interaction with the
nitrogen atoms in the gelatin of the emulsion. The resulting 0.63
MeV proton tracks are counted, and serve as a measure of slow-neutron
exposure. Film loaded with lithium or boron can increase sensitivities
by as much as 200 in a neutron alpha reaction.

Knock-on proton tracks serve as a measure of fast neutron exposure,
are produced when fast neutrons interact with hydrogen atoms in the
gelatin, film base, wrapper, and other hydrogenous materials. Fast
neutrons can be detected in the presence of slow neutrons; by counting
the tracks of knock-on protrons in an area of the film that has been
effectively shielded from slow neutrons, by a cadmium absorber.

The response of this inexpensive neutron-monitoring device is

somewhat dependent upon neutron energy; with proper calibration and
interpretation, the quantitative determination of neutron exposure
can be made.

Latent image fading is extremely important in neutron monitoring.
Such films should be processed as soon as practicable, generally on
a weekly basis.

NEUTRON FILM DENSITY DOSIMETRY

By proper selection of filters such as silver, indium, rhodium
or other materials in which beta and/or gamma activities are induced,
density of the film beneath these materials will give one an indication
of the neutron flux.

SUMMARY

The one major attribute of film dosimetry is its ability to

offer more than one item of information, on evaluation. Total dose

may be coupled with energy information as well as determinations
between single and multiple exposures .

The following exposed film examples, from the files of R.S.

Landauer, Jr. & Co. may help illustrate the point. Film badge used

is one previously shown in Figure 6 .
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Figure 13 - Demonstrates the positive badge identification and
foggy appearance of a contaminated film with no
filters showing.

Figure 14 - High energy , short source to film, collimated exposure.

Figure 15 - Well defined low energy beam
,
note darker open window

density, probably single exposure.

Figure 16 - Low energy , angular exposure through rear of badge,
as noted by image of the badge clip.

Figure 17 - Multiple exposure , as noted by multiple filter shadows,
to low energy from rear of badge.

Figure 18 - Multiple exposures through front of badge.

Figure 19 - Grenz ray exposure of less than 10 KVP showing wrapper
detail.

We have covered most aspects of film dosimetry which is tabulated
below

:

THE PLUS AND MINUS OF FILM DOSIMETRY

TABLE I

Some sources of error in Film Dosimetry:

1. Variability of emulsion sensitivity.
2. Directional dependence.
3. Long term fogging.
4. Latent image fading.
5. Effects of temperature and humidity
6. Effects of chemical vapors.
7. Errors in badge calibration procedures.
8. Reciprocity failure.
9. Densitometry errors.
10. Solarization.
11. Errors in filter thicknesses.

Some advantages of film dosimeters:

1. High sensitivity.
2. Wide range of exposure measurements.
3. Dose rate independence.
4. Possibilities for multiple filter areas.
5. Possibility of re-evaluate exposure.
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6. Indication of incidence of exposure.
7. Establish single vs multiple exposures.
8. Insensitivity to mechanical shock.
9. Low cost.

10. Lends to automatic processing.
11. Dosimeter itself can be identified.

Film badge or an advanced type of T L Dosimeter is a must for
all radiation workers.

Pocket chambers or dosimeters guide the employer in scheduling
work situations and serve to alert personnel of possible overexposures

.

Pocket audio devices, if used at energies where they respond,
are extremely useful in alerting the radiation worker not of
an overexposure that had just occured but of one that is now occuring.

Of course, area survey equipment will monitor the environment
and similarly alert the worker of an impending exposure.

All the above devices complement each other, are all useful and
only upon evluation of specific situations should any of them be
discounted.

PERFORMANCE STANDARDS

In spite of the numerous variables that may affect the technique,
the modality has been well accepted by the industry, the various
regulatory agencies and by the courts as evidence of exposure.

The ability of film badge services to report radiation exposure
with suitable accuracy has been a matter of general concern for some
years

.

Discussions with leaders in environmental health control,
prompted the National Sanitation Foundation, Ann Arbor, Michigan, with
the aid of a U.S. Public Health Service Grant, in 1963, to establish
performance standards for film badge dosimetry services (H)

.

Approximately 2,000 badges from 25 different film badge processing
laboratories were evaluated in December of 1964 for beta, gamma,

x-ray and neutron exposures ' . Type of exposures and results of

the evaluation is shonw in Figure 20 .

Reported dose was plotted against delivered exposure on log/ log

coordinates for each film service and for each of 10 groups of

irradiations shown in Figure 20. A representative plot is shown

in Figure 21 .

After the point furthest from the perfect performance line was
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eliminated from further consideration, the next furthest point was
designated as the "error factor point" as shown in Figure 21 .

The pooled frequency distribution of all error factors was then
examined and is shown in Figure 22 .

Error factors of 0.4 and 1.6, representing approximately 80%
of all error factors between 0.2 and 1.8, were accepted as the industry
standard for film dosimetry.

Subsequent evaluation of error factors derived the control limits
shown in Figure 21, as the National Sanitation Foundation Standard
and is tabulated in Figure 23 .

After adjusting the control limits , it developed that about
one-half of the services demonstrated error factors which fell within
the control limits, for five of the ten radiation categories.

Only two services (of the 26 evaluated) demonstrated error
factors which are within the control limits for all radiation groups.

The number of services, which would show error factors between
control limits, would not change significantly even if control limits
were broadened by a factor of 2.

National Sanitation Foundation Standard 16 also stipulates that
film badge services will submit film badges for a complete set of
test irradiations, at least once per year on a pre-arranged schedule.
A complete review of the standard is intended at intervals of not
more than 3 years

.

Standard 16, at its most recent re-evaluation, is considering
various dosimetry systems rather than limiting itself to film badges.

ION CHAMBER POCKET DOSIMETER

Ion chamber pocket dosimeters shown in Figure 25 are pen size
ion chambers enclosed in a tissue equivalent outer housing. The
readout is accomplished by an electrometer system that may be enclosed
in the dosimeter or in a separate charging unit. Figure 25 also includes
stray radiation chambers which, in order to attain the higher sensitivities
require larger volumes

.

A Personnel Radiation monitor such as a "Tattler" is a Geiger
Mueller device and will be discussed later. The dosimeter is charged
to a voltage of 150-200 volts and its subsequent discharge due to

exposure to ionizing radiation is an indication of exposure.
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Figure 26 - shows standard low energy direct reading dosimeters.

Figure 27 - shows a cutaway drawing of a direct reading dosimeter.

The dosimeter consists of an aluminum case, housing the chamber
containing two electrodes, one of which is generally a quartz fiber
loop, free to move with respect to its mounting. The dosimeter contains
the charging switch which is separated from the charging electrode
by an air space, an insulator which separates the electrodes from
the aluminum housing, an air volume which acts as the sensitive volume
of the ionization chamber, the quartz fiber which is deflected when
a charge is placed on the electrode, a lens system and a scale.

A pocket chamber that requires an auxilary charging unit to be
read, is similar in construction except the ion chamber extends the
length of the barrel. The lens and the electrometer assemblies are
housed in the charging unit.

Figure 28 - show the unit fully charged, the quartz fiber is

fully deflected and indicates zero on the graduated scale.

When ionizing radiation penetrates the dosimeter and its ion
chamber, the air molecules in the chamber ionize and the opposite
charged particles will be attracted to either the electrometer or
the ion chamber, depending on their polarity, as seen in Figure 29 .

The formation of the neutral air molecules results in a decrease
of the original charge on the electrometer, the decrease being
directly proportional to the quantity of ionizing radiation which
penetrated the ion chamber.

The fiber moves closer to the frame as the charge, or voltage,
on the electrometer is reduced. The relationship between the fiber
and the graduated scale is such that, as the fiber moves closer to

the frame, the hairline image of the fiber on the scale moves to the

higher value. The movement of the fiber is a function of the total
amount of radiation to which the ion chamber has been exposed,
irrespective of the rate of radiation exposure. When the dosimeter
has been exposed to a quantity of radiation equal to the full scale
reading on the instrument, the hairline image of the fiber will
appear at the highest value graduation on the scale, the electrometer
will have been discharged to approximately 100 volts. The full scale
reading condition of the electrometer is illustrated in Figure 30 .

For maximum utility, a dosimeter should have a relatively flat

response over a wide range of X or gamma photon energies. When a

dosimeter uses air as the ionizing medium, such response is obtained
by making the chamber walls of "air-equivalent" material - i.e.,

material with a mean atomic number near that of air. Also, the wall
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thickness must be greater than the range of secondary electrons of

highest expected energies and, yet not so thick that appreciable gamma
ray attenuation takes place. The above conditions are realized with
the pocket dosimeter to the extent that the unit is energy independent
within +15% for photon energies as low as 30 Kev.

This parameter is illustrated in Figure 31 . for direct reading
dosimeter and Figure 32. for a pocket chamber.

Figure 33 . shows a spectral response curve for a "plastic wall"
direct reading dosimeter indicating its usefulness at energies
above 18 KeV.

All energy dependence data is from manufacturers literature and
has not been authenticated by this author.

A "Performance Standard" for dosimeters was approved by American
National Standards Institute on December 9, 1971 and is tabulated
in Figure 34 . (14)

.

Integrating type ion chambers that emit an audio signal when
a preset level of radiation is reached are available for specific
applications such as decontaminations or other conditions when working
in a radiation field where one's MPD may be reached or surpassed.
Such a device is shown in Figure 35 . and its energy response curve
in Figure 36 .

GEIGER MUELLER PERSONNEL MONITORS

Personnel monitoring devices - Figure 37. utilizing small geiger
tube sensing units are serving a very useful function in personnel
monitoring. Since geiger counter instruments require calibration
for the various energies they detect, they are not designed to replace
dosimeters, as their integrated dose would be merely an approximation.
The serve to alert the radiation worker if a given exposure level is

present and they provide indication of the approximate intensity of
the level, by varying the frequency of audio signals they emit.
Devices of various sensititivities are available for specific appli-
cations .

RADIOPHOTOLUMINESCENCE DOSIMETERS

Many low atomic number glasses can have their optical properties
altered when exposed to ionizing radiation. In general, absorption
changes have been found most useful in the "R" dose ranges although
lower dose devices have been recently developed by use of more
suffisticated read-out equipment.
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Glass dosimeters can be used as a life time intergrating personnel
dosimeter, which permits an unlimited number of interim measurements,
and for many special investigation; such as studies of population
doses and background radiation levels. The measurement of accumulated
half year doses around a nuclear research center has recently been
reported. They are also a particular interest for personnel dosimetry
under extreme climatic conditions: such as in tropical countries
or in space. For instance during the Gemini IV flight, glasses
reported doses of 12-52 millirads in good agreement with other
detectors (15)

.

In radiophotoluminescence the radiation induced centers are not
destroyed in counting them; the centers are merely provoked to
luminescence by the measuring light. This operation can be performed
continuously or prepeatedly. Selective energy read-out of such a

dosimeter is suggestedd^) in Figure 54.

THERMOLUMINESCENT DOSIMETRY

Another method of personnel dosimetry available to us today is

Thermoluminescent Dosimetry.

When ionizing radiation is absorbed in matter it produces
ionization, and most of the absorbed energy is converted into heat.
In some materials, a small fraction of the energy is stored in meta-
stable energy states. If the material is subsequently heated some
of this energy is converted to light photons which are emitted from
the material. The process of photo-energy release by thermal means
is commonly referred to as "thermo luminescence" or TL., and when it

is used to detect the presence of radioactivity or previously deposited
ionizing radiation, it is commonly referred to as radiothermoluminescence.
Work with thermoluminescence devices was orignated at the University
of Wisconsin by Dr. Farrington Daniels during World War II when he
noted that a quart flask quickly turned black when set into a nuclear
reactor and that when heated, emitted light and became transparent
again. The work was expanded at Wisconsin when Dr. J. Cameron joined
the group and directed the program toward dosimetry.

The basic phenomen on thermoluminescence is illustrated in

Figure 38 . and can be described as follows: ionizing radiation
releases an electron from the valence band of the atom to the conduction
band, leaving a hole in the valence band. The electron and the hole
move through the crystal until they recombine or until they are trapped

in a meta-stable state. The meta-stable state may be associated with
defects in the crystal as impurities sites. When the crystal is

heated, sufficient energy is imparted to the crystal so that the

electron may raise to the conduction band, and subsequently recombine

with the trapped hole, thereby emitting a TL photon. Sometimes the
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hole trap may be less stable than the electron trap and when the hole
receives sufficient energy to wander it may recombine with the trapped
electron and again a TL photon is emitted.

Thermoluminescence is very closely related to phosphorescence
except that in phosphorescent material, the ambiant temperature
is adequate for release of electrons and thereby light photons.
There are many materials with exhibit thermoluminescence properties.
Those that have been found to be most useful, in that they are most
sensitive and exhibit linear response with energies most commonly
encountered in routine x-ray or gamma radiation work are (LiF) and
CaF2 . A graph showing thermoluminescence released as a function of
time is referred to as a "glow curve". Ideally a glow curve would
reveal only a single thermo luminescence peak occurring at a relatively
high temperature to insure room temperature stability.

Figure 39. shows a typical glow curve of LiF of a commonly used
dosimetry system, Harshaw TLD-100. The ideal TLD would be linear
with exposure in the useful exposure range.

Figure 40. illustrates glow curves of various exposures.

Figure 41. is typical response curve for LiF, TLD 100 which has
a relatively linear portion in the most useful range of up to 1(P

roentgens

.

Energy response of LiF or other TL phosphors are of great
interest and Figure 42 . shows energy response of the more commonly
used TLD systems. Please note the relatively flat response beyond
100 KeV and by proper use of filtering systems the low energy response
could generally be flattened out, as shown.

The upper limit of useful sensitivity of LiF occurs at approximately
5X10^ roentgens. Beyond this exposure level the TL yield plateaus
then decreases with increasing exposure. This is caused by discoloration
of the phosphor due to radiation damage to the crystal. The exposure
of TLD 100 in Figure 43. shows its response is linear to approximately
100 R, response at higher exposures is supra-linear up to a response
plateau of 5X10^ R. Beyond that point we reach the shoulder of

the curve and the sensitivity flattens out. LiF exhibits a flatter
response than film up to approximately 1C)10 R per second. Some
fading does occur in TL. Most recent reports indicate TL fading at

room temperature of less than 5% per year (16) shown in Figure 44 .

LiF can be manufactured with a high concentration of 6-Li known
as TLD-600. Li-6 has an extremely high cross section for thermal
neutrons with subsequent release of about 5 MeV of local ionizing
energy. Similarly TLD, made with principally 7-Li has no response



to thermal neutrons. One may use the two crystals to measure a

mixed radiation field with 7-Li measuring gamms while TLD-600 will
detect neutrons. Approximately 10^ thermal neutrons (1 rem) will
produce the same light output as approximately 37 R of gamma rays
from 137-Cs, therefore neutrons response is about l/7th as that
of gamma rays

.

SPECIAL PROBLEMS WITH MEASURING LOW EXPOSURES

Whereas in film low level detection is limited by fog, in TLD
the lower levels of exposures are principally limited by things
like dark current of the photomultiplier tube, black body radiation
from the heater pan and non-radiation produced luminescence. The
accuracy obtainable therefore in the measurement of low levels of
exposure are going to be very dependent on how above parameters are
controlled. TL dosimetry systems are presently available to measure
approximately the same range as films, although lower levels may be
obtained with more critical controls.

Various types of dosimeters using the TLD principle have been
developed. Most common of which utilize:

a. A built-in device, developed by MBLE (Belgium), incorporating
a heating coil in the crystal. The complete unit is

encased in a glass envelope and is widely used in Belgium
and France by Civil Defense and Armed Forces personnel
Figure 45 .

b. The Health and Safety Division of the Idaho Operations
Office of the United States Atomic Energy Commission use
LiF in a teflon matrix. They have been found very satis-
factory within the extent that these dosimeters have now
replaced the routinely used film badges for their monitoring
personnel(12)

.

c. Commercial firms are now making TLD devices of various
designs; for environmental monitoring, for personnel
monitoring and for monitoring interstitial implants
in patients undergoing radiotherapy - Figure 46 . The
most commonly used TLD’s are extremity monitoring devices.

Some incorporate small TLD crystals in rings - Figure 47 ,

others mount TLD discs on band aid type holders for
direct application to fingers or other critical areas-
Figure 48 . Results of such dosimetry measurements are

illustrated in Figure 49 .

For whole body monitoring, several systems have been developed:
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a. Multiple element system :

Since TLD, like film, are integrating devices, it is

necessary to use multiple fields if spectral resolution
is desired. A several element thermoluminescence system
incorporate in a single holder, TL elements behind various
filters as in a single film. By evaluating light outputs
behind the various filters one can establish energy
resolution of the incident beam. If one leaves an
additional element in the dosimeter which is not
read out at the time the dosimeter is evaluated, it

may be retained for re-evaluation at some future time
should it be needed.

b. Single element system

(13)
A recent development is a film sized thermoluminescence
dosimeter. The system consists essentially of a single
piece of dosimeter material similar in area to a piece
of film. Areas are defined on it by a filter system in
the holder and the read-out system is assumed to be capable
of heating specific areas independently of each other and
separately intergrating the light output from each area.
For this to be possible the phosphor must be contained in
a matrix of poor thermal conductivity such as teflon. This
type of phosphor-teflon film size dosimeter has not yet been
described in detail in the literature but the basic concept
of the dosimeter was developed at the National Reactor Test
Station, at Idaho Falls, and is shown in Figure 50 .

Since a relatively small area under each filter is read
out for information content, the rest of the dosimeter
area is available for re-evaluation at future times.
The TL systems described above are compared with radio-
photolumines cent and film dosimetry systems based on some
of the information content criteria discussed previously
in the photographic monitoring section. Figure 51

Figure 51 . tabulates the various systems using the information
content criteria.

Figure 52 compares the systems discussed for characteristics
desirable in a personnel monitoring system. A suggested
system for adding information to TLD dosimetry (13) incorporates
a star pattern - Figure 53 , which if heated under an imaging
device would identify the exposure, as a flash or diffused,
and provide directional parameters. A variation in filter
pattern front and rear could assist in identifying a front

or rear exposure.
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INFORMATION CRITERIA

A great deal of time was spent in the development of various
dosimetry concepts.

In actual utilization, basic information is requested of any
monitoring system. Over 90% of all dosimeters are worn by "low
risk" personnel whose dosimeters are routinely reported as "minimal",
or below a reportable level within reasonable confidence levels.
Only approximately 5% of the working population in radiation associated
industries, whose dosimetry is reportable, and may reach MPD levels
that critical evaluations are necessary.

However in dosimetry design the "unexpected" or "unexplained"
exposure, that occurs at probably 1/10 of 1% of presently evaluated
dosimeters, that may occur within the low risk or high risk population's,
is the target that is intended to be shot down. It is for these few
evaluations, few in number but extremely weighty in person's concerns
and legal litigations, that all possible information that can be
squeezed out of one or a combination of monitoring systems is extremely
critical.

EXAMPLES OF UTILIZATION PROBLEMS

The ability of a 5 sq. cm. dosimeter to evaluate the dose to a

20,000 sq. cm body was recently questioned^ 7) .

f18 )
Adams v J evaluated that point for photon energies exceeding

100 KeV and found that in a relatively uniform field, a dosimeter
worn on the workers chest would appear to accurately assess the average
dose to the body.

/

However an extreme of this situation is described by Lanzl^
when an industrial worker was accidently exposed to a 10 MeV electron
beam. Film badge dosimeter worn on anterior of trunk indicated 310 R

Figure 55 tabulates other exposures evaluated. Figure 56 shows result
of exposure.

A 430 R exposure recorded on a film badge at Texas A & M University

Cyclotron Institute was evaluated to the tune of $8,000 plus lost

man hours (19) before it was established to have been an unexplained

exposure in a sample irradiation tube. Evaluation was made partially
by comparison of intentionally exposed film with badge films. Lack

of clinical symptoms assisted.

Radiologists had always been wearing film badges beneath the

lead apron at waist level to establish body dose. With the advent
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of image intensifiers , the radiologists head was no longer protected
by the lead glass fluoroscopic screen. Bushong et al, evaluated
doses received by several radiologists with the results shown in
Figure 57. Based on the eye as a critical organ the waist level
dosimeter does not indicate the maximum dose to a critical organ.
This serves as an example of proper badge location in order to monitor
the critical organ.

CONCLUSION

Various dosimetry systems have been examined, several incidences
requiring thorough badge evaluation were described. It is only
with the understanding of the characteristics of the various dosimetry
systems can one make a thorough evaluation of the most useful system
for any specific application.

In spite of the many shortcomings of radiation dosimeters,
they have served well to evaluate radiation exposure as no other
environmental insult has been evaluated to date. Figures 58 and 59

are two partial answers by A. Brodsky(20) to the "perfect" dosimetry
system.
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Dale Event

13 June 18%

18 Nov. 18%

2 Dee. 18%

23 Dec. 18%

II Sept. 1897

4 Dec. 1897

January 1898

14 May 1898

25 April 1899

6 May 1899

13 May 1899

October 1900

3 Jan. 1901

14 Feb. 1901

19 Dec. 1901

31 Jan. 1903

1 Oct. 1903

1908

Tesla issues caution re eye injury.

Thomson describes results of deliberate self-exposure;

issues warning.

Tesla recommends aluminum filter to protect operator

from high frequency electrical field.

X-rays produced by static machine declared safe.

Gold foil reported to eliminate undesirable effects of X-
rays; details not given.

Leonard reports grounded conductor between tube and

skin eliminates "static burns".

Thomson describes aluminum tube housing to absorb

harmful soft rays.

Dark adaptation prior to fluoroscopy recommended.

Licensure of radiographers recommended.

SI 0,000 damage award made to patient foe diagnostic

burns.

Ozone hazard of X-ray generators noted.

Filtration recommended. Greater distance from target

to skin also recommended.

Report of alleged X-ray death appears.

Rollins experimentally establishes lethality of X-rays
with animals. Recommends nonradiable tube hous-

ings, etc.

Leaded tube housing expressly for protection purposes

described.

Relative safety of static machine debunked.

Fractionation of exposure in fluoroscopy recommended.

HVL concept introduced along with unit of dose based

on air ionization.

Figure 1. Chronology of early
x-ray protection in the United
States.

(Reproduced from Health Physics

8,508
Courtesy - Health Physics Society)

ROENTGENS OF HEAVILY FILTERED 50 KVCP X-RAYS

Figure 2. Dosimetry
film characteristic
curves

.

(Courtesy - Eastman Kodak
Company)



RELATIVE

SENSITIVITY

d
•

net

optical

density

Figure 3. Density versus dose for Kodak type
3 film.

(From Health Physics 11; 1072 (1965)
Courtesy - Health Physics Society)

keV (Monochromatic) and

keVetf (Filtered Heterogeneous)

Figure 4. Relative sensitivity of radiation
monitoring film to monochromatic and
filtered heterogeneous x rays.

(Courtesy - Eastman Kodak Company)



62

Figure 5. Characteristic curves for the
several effective energies of heteroge-
nous x radiation shown in figure 4.

(Courtesy - Eastman Kodak Company)

Figure 6. Beta-gamma and
neutron film badges
showing filtered areas.

(Courtesy - R.S. Landauer
Jr. § Cd.)
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t9' r run pn'KtT tvpe si*

!*«“*'iivc Sfjs Fwt (55J)

OoTM iiDtS

VtAMlimp

urn TKKK film

m
•*« Sift*

figure 7. hxposed
films to 10 KVP
x rays, uranium
betas and neutrons.
(Courtesy - R.S.

Landauer Jr. § Co.)

RADS
OPEN WINDOW

AL. AND THIN AG. FILTERS

THICK AG. FILTER

Figure 8. Calibration
curve of personnel film
badge. Net optical den-
sity is plotted against
dose. (From Health
Physics 13, 248

Courtsey - Health
Physics Society)



64

Percentage variation in dose interpretation with angle of
radiation incidence, NBS film dosimeter.

Figure 9. Photographic Dosimetry of X- and Gamma
Rays Handbook 57, National Bureau of Standards.

(Courtesy - U.S. Department of Commerce)
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Figure 10. Fractional photo-
graphic densities D/Do as

functions of angles of
incidence of the portion
filtered by 0.97 mm Cu for
various effective energies
of x rays.

(Fran Health Physics 20, 263

(1971) Courtesy - Health
Physics Society)
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E.ii -51 U«V
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ANGLE OF INCIDENCE 0

Figure 11. Fractional photographic
densities De/Do as functions of
angles of incidence of the un-
filtered portion of the film
badge for various effective
energies of x rays.

(From .Health Physics 20, 261

(1971) Courtesy - Health Physics
Society)
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•

COEFFICIENT

OF

VARIATION

(%

STANDARD

ERROR)

Figure 12. Mimimum percent error versus weekly
dose to films evaluated on a weekly basis, for
total wearing periods of 1 week, 12 weeks, and
52 weeks.

(From Health Physics 11; 1074 (1965) Courtesy -

Health Physics Society)

Figure 13. Foggy and
smeary appearance of a

contaminated film.

(Courtesy - R. S. Landauer
Jr. § Co.)
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Figure

18.

Multiple

exposures

Figure

19.

Grenz

ray

exposure

of

through

front

of

badge.

less

than

10

KVP

showing

wrapper

(Courtesy

-

R.

S.

Landauer

Jr.

detail.

§
Co.)

(Courtesy

-

R.

S.

Landauer

Jr.

5
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Error factors (encompassing all bnt one of the data points) for irradiations greater than 20 mrCm

Radiation

Service
code 23 keV X 90 keV X

176 keV X
low

exposure

176 keV X
high

exposure Beta (iaiuuui
dof

(0 + y)
rot

(t + -r) x + .
Fast

neutrons
Total

asterisks

1 0 80 •2.06 0 84 •0.50 •3.64 •0 22 *0.01 •0 04 •0 49 7
a *2.29 0 87 0 76 0.85 1 34 *0 09

.
1 58 •1.43 1.79 *0 04 4

a 1.14 1.02 0 90 0 66 1.43 0 81 1 .30 0.80 0 86 0 76 0
4. . . r *2.18 0.71 •0. 12 *0 44 *1.62 •0 59 1.56 *0.66 1 36 2 00 6
5 0.79 •0 41 0.76 •>0.61 •1.74 1.31 •0.01 *0.43 •0.44 *0.02 7

7 •0 22 0 83 *0.63 0.83 *2 50 0.82 •3.36 0.89 *0 62 1.26 6
8 0.87 0.62 1 59 •1.68 1.30 *0.69 1.37 0.89 0.59 0 67 2
9 •3 00 0.61 •0.46 *0.36 1 11 0 77 •0.02 *0 64 *0.44 *6.70 7
9b *0 64 0.01 •0 42 *0.02 •0 06 0 85 *0 01 •0 66 •4 42 7

11 1 32 1 03 0 83 1 05 1 09 0.82 0 85 0.72 1.10 1.59 0

12 0 84 •0 40 •0.50 0.63 1 41 0.80 1.77 0.82 0.83 0.80 2
13 0.75 0.64 •0 S3 0 67 1 28 0.76 •0.01 *0 00 0.73 0.72 3
14 0.79 1 61 I .30 *0.52 1.29 0 88 1.46 1.12 *0.49 1 30 2
15. . 1.05 •0.67 0 77 1 09 *0.10 0 78 0 87 0.80 0.58 •0.23 3
16 I so 0.88 0.68 1 15 0 93 1 22 0 61 1.29 0.64 •3.14 1

16b 1.37 0 92 0.75 0 91 1.22 1.19 0.81 •1.46 — — 1

17 0.75 0.71 *0.45 0.67 1 08 0.78 1.30 0.73 1.31 1

18 •0.31 •0 24 •0 23 •0.07 *0.13 •0.33 — — *0.22 — 7
19 0.80 0 00 «0 54 0.70 *2 22 0.82 •2.46 •0.29 0.03 1 92 4
21 •2.04 *2 82 •2.16 0 73 *2 01 •2 55 0.64 1.19 •2.90 *0.01 7
22 •0.42 1.59 0.64 •>26.3 •0.43 *0 33 •0 02 •1.78 •0.24 •0.01 8

23 1.09 •3.94 1 25 •>1.20 *0.04 1.29 1.90 1.10 •0.52 •0.43 5
23b. •0.11 0.79 1 08 1.40 •0 05 1.27 0.96 1 10 •0 48 •0.34 4
24 1.27 0 68 1.58 •2 10 0.86 0.86 0 81 1.37 0.58 0.68 1

26 •2 09 1.67 •0 42 •>1 82 0 69 •0.01 •0.02 •1.85 •2.27 •2.67 8
26 0.90 •0.48 •0.54 0 80 0.87 0.87 1 .22 0 86 — 0.69 2

Total
asterisks 10 8 12 12 12 8 9 11 11 11 104

Note*: Asterisks moan the error factor falls outside propoaed control limits in table 4.

Dashes mean the service either did not provide reports for the indicated radiation or was not tested for the indicated radiation.

A "b" after the service code identifies film badges obtained through State health departments. Film badge services were not advised of the use of
these badges.

Figure 20. Error factors (encompassing all but one of the

data points) for irradiations greater than 20 mrem.

(From D. E. Barber, Public Health Service Publication No.

999-RH-20, 1966)

Delivered Exposure (mR)

Example dala ihowing a method of selecting the reported

exposure used to determine the error factor.

Figure 21. From D.E. Barber,

Standards of Performance for

Film Badge Services. PHS

Publ. No. 999-RH-20, 1966.
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Pooled distribution of Y#/X«

Figure 22. Pooled distribution of all
error factors.

(D. E. Barber, Standards of Performance
for Film Badge Services. PHS Publ. No.
999-RH-20, 1966.)

Film badge performance control limits
*

Radiation category b

Irradiation

range for

test

Error factor

control limits

Percentage error

band'

Upper Lower Upper Lower

X-rays, 15-30 keV 20-600 mR 1 50 0 67 50 33

X-rays, 0 03-0.2 MeV 20-600 mR 1.70 0 59 70 41

X-rays, 0 15-0 2 MeV 1-500 R 1 60 0.03 00 37

Gamma, 0 2-3 MeV 20-600 mR 1 40 0 71 40 29

Beta 40-600 mrad 1.50 0.07 50 33

Beta of p + y 40-600 mrad 2.00 0.50 100 50

Gamma' of a + y 20-600 mR 1.40 0 71 40 29

X d + gamma'. . 20-600 mR 1.90 0 53 90 47

Fast neutron 50-600 mrem 2.00 0 50 100 50

Energy ranges and types of radiation involved in the test are known to the film badge
services but the type and energy of radiation delivered to a specific badge is unknown.

b Sources are described in detail in table 2.
c (1-YyXj 100.
d X-rays of 16-30 keV.
e Gamma rays of 0.2 to 3 MeV energy.

Figure 23. Film badge performance control limits.
(D. E. Barber, Standards Performance for Film
Badge Services. PHS Publ. No. 999-RH-20, 1966.)
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Figure 25. Direct and indirect reading
pocket dosimeters, stray radiation
chambers, chargers, and personal radi-
ation monitors.

(Courtesy - Victoreen Instrument Company)

Deluxe

Dosimeter/Charger Storage Case

Low-Energy

Direct-Reading Dosimeter

Figure 26. Standard and low energy
direct reading dosimeters.

(Courtesy - Nuclear Associates)



THE DOSIMETER
CENTER OF
SENSITIVE
VOLUME

1

16
|

QUARTZ
CONDENSER FRAME FIBER

GLASS SCALE

CLIP

CHARGING
SWITCH

INSULATOR

ELECTROMETER

CHAMBER

AIR VOLUME

LENS
BARREL

Figure 27. Cutaway drawing of direct reading
dosimeter.

(Courtesy - Victoreen Instrument Company)

Figure 28. Quartz fiber deflection of
a fully charged direct reading dosim-
eter.

(Courtesy - Nuclear Associates, Inc.)



Figure 29. Process of discharging of
a direct reading dosimeter.

(Courtesy - Nuclear Associates, Inc.)

Figure 30. Quartz fiber deflection of
a discharged direct reading dosimeter.

(Courtesy - Nuclear Associates, Inc.)



ENERGY DEPENDENCE

Figure 31. Energy dependence curve of a direct
reading dosimeter.

(Courtesy - Victoreen Instrument Co.)

ENBIOY DflWDBKI

Figure 32. Energy dependence curve of pocket
ionization chamber.

(Courtesy - Victoreen Instrument Co.)



77

Figure 33. Energy dependence curve of direct
reading plastic wall dosimeter.

(Courtesy - Nuclear Associates, Inc.)

PERFORMANCE SPECIFICATIONS OF DOSIMETERS

Accuracy

Energy Dependence

Sensitivity Adjustment

Exterior Surface

Ruggedness

Temperature

Humidity

Discharge

Angular Dependence

± 12# at 95# confidence

± 10# over given range

Sealed

Smooth

Withstand a 4' drop

+50°C to -10°C

0# to 90#

4 2# of full scale/24 hrs.

<70# at angles of <50° from
direction of maximum response

(From ANSI N 13. 5-1972)

Figure 34. Performance specifications of dosim-
eters .

(From ANSI N13.5 - 1972)
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Power Switch

Alarm Selector Dial

Reset Sw itch

Reset Button

Figure 35. Personal alarm
dosimeter (ion chamber)

(Courtesy - Victoreen
Instrument Co.)

Energy Response Curve

ENERGY (KeV)

Figure 36. Energy response curve for personal
alarm dosimeter

(Courtesy - Victoreen Instrument Co.)



Figure 37. Personal radiation moni-
tors (G-M type)

(Courtesy - Nuclear Associates, Inc.)

Unstable State

Metastable State o eeeeeeeeeo

Ground State m xmhmmk m m k

m

Unirradiated

(a) (b) (c)

x electron

o electron vacancy

Figure 38. Basic phenomenon of thermoluminesence.

(From J. Cameron et al.)
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TIME (seconds)

Figure 39. Typical glow curve of LiF
(Harshaw TLD-100)

(From J. Cameron et al.)

Figure 40. LiF glow curves as a function of dose.
(From J. Cameron et al.)
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EFFECTIVE ENERGY (KEV)

Figure 41. Sensitivity curve of LiF and CaF~ :

Mn. z

(From J. Cameron et al.)

Figure 42. Response versus photo energy for CaF
? :

Mi and LiF in a conmercial system.
(Courtesy - Victoreen Instrument Co.)
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Figure 43. Response of LiF. Light out-
put versus total dose.

(From J. Cameron et al.)

Figure 44. Fading of TLD-100.
(From J. Cameron et al.)
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DOSIMETER

Figure 10

SHEATH

1. Tube 3. Shield

2. Lateral shock absorber 4. Axial shock absorber

STOPPER

1. Body 5. Axis
2. 8prlng 0. Aluminum disc

3. Blocking lever 7. Axial shock absorber
4. Blocking cam 8. Sealing joint

DOSIMETER

1. Base 4. Mica support
2. Filament S. Bulb
3. Cathode

Figure 45. Personnel
pocket dosimeter

(Courtesy - MBLE)

Figure 46. Various shapes of LiF -Teflon
dosimeters

(Courtesy - Teledyne Isotopes)
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Figure 47. TLD ring badge
(Courtesy - R. S. Landauer
Jr. § Co.)

Figure 48. LTD finger monitors
(Courtesy - Teledyne Isotopes)
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Figure 49. Typical results of

finger dosimetry
(From J. Cameron et al.)

r -\

OPEN WINDOW

THIN PLASTIC

ALUMINUM

TIN
V J

r
i 5

2 6

3 7

4 8

V J

(a) Shielding on (b) Areas readout
irradiation separately

Evaluation of a Single Large

Area Thermoluminescent Dosimeter

Figure 50. Film size TLD dosimeter.
(Courtesy - Teledyne-Isotopes)
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FRONT FILTER REAR FILTER

3(a) Filter Pattern for Front/Rear Irradiation

3(b) Filter Pattern for Direction and Flash Determination

AS 0 FLASH
(DIRECTION
INDICATED
BY ARROW)

PERPENDICULAR NORMAL MULTIPLE
FLASH

3(c) Image for Flash and Normal Irradiations

IMAGING FILTERS FOR FILM-SIZE TLD EVALUATION

Figure 53. Imaging filters for
film- size TLD evaluation

(From Webb et al. (13))

Central
Shielding Luminescence

Outer
Luminesce.

Central
Luminescence

(a) Irradiation (b) Basic Readout (c) Depth-Dose Readout

READOUT OF A GLASS RADIOPHOTOLUMINESCENCE

DOSIMETER TO GIVE RADIATION ENERGY

Figure 54. Glass radiophotoluminescence dosimeter
(From Webb et al.)



Dose determination based on phantom

measurementsfor an 8.5-sec exposure

Dose
Location (rad)

Right hand, thumb
fifth digit

Right foot, instep

toes

arch

Eyes, with glasses

Anterior and right surface of trunk,

range

Posterior and left surface of trunk

Interior of trunk

240,000

42.000

29.000

11.000

300

43

240-325

1.4-6

0.22-4.9

Figure 55. Dose determinations of 8.5

sec exposure to 10 MeV electrons
(From Lanzl et al. (6))

16

Flo. 13. Right hand, 19 Febru-
ary 1963. lliDtAI Dky2.

Flu. IV Right hand. 24 Febru-
ary 1965. 11.00 a-m., Day 7.

The while material in dab and
subsequent photographs a from
an ointment that was incwn-
ptdely removed during { team-

ing before photography. Buttae
which farmed oarer the thenar
and hypothenar eminences are

ctearty vbifalc.

Figure 56. Results of exposure
tabulated in figure 55.

(From Lanzl et al. (6))



X- RAY EXPOSURE OF RADIOLOGISTS IN FLUOROSCOPY

USING IMAGE I N TENS IF I ERS (30)

Mi 1 1 i roentgens per Month

Radiologist

Waist level, below
0.5 mm apron

Collar level, above
0 . 5 mm apron

10 34 8 13

43 53 39 43

5 5 6 9

39 44 31 13

C

7

16

Radiologist D E F G

Waist level, below 15 9 5 21 6 12 13 5

0.5 mm apron

Collar level, above 16 13 15 46 28 38 26 22
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Figure 57. X-Ray exposure of radiologists in
fluoroscopy using image intensifiers.

(From Bushong)
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DISCUSSION FOLLOWING MR. RIVKIN'S PRESENTATION

MR. KARCHNAK (Allis Chalmers Corp.): A general comment. The
control badge which comes with a series of badges, what are its

functions and its handling?

MR. RIVKIN: A very good point but unfortunately I didn't have
time to cover it. This is a very important consideration. Many times
one walks into a radiation laboratory and one has the x-ray unit and
a room with isotopic sources right next to it. There is a desk
alongside the wall. Well, what the control badge monitors essentially
is the desk area. If the control badge is maintained in a relatively
high radiation level area, it means that the amount of exposure that's
accumulated on the control badge is deducted from the individual's
exposure. So as a result, he winds up with a reported exposure less
than he actually has received. If for instance the exposure level
in that area, which is the controlled area, is somewhere on the order
even 500 millirem per year, and if the exposure level when he's at
home is only 100 millirem per year, you see that badge is being exposed
for 168 hours a week.' Not just for 40 hours a week that he's there.
So this is very important. Around reactor facilities, one has the
constant concentration of argon-41 and that too tends to raise the
radiation level of the badges. If the badges are stored in relatively
higher radiation areas, this will give us an erroneous figure for
the personnel because the personnel aren't exposed to this type of an
environment. The badges should be controlled. I wouldn't suggest
that they should be put in a safe behind five inches of steel or five
inches of lead either, for the simple reason that a person's badge
does get exposed to a certain radiation level, like 100 MR per year
or whatever, during the lifetime that he wears that badge. So the
control badge actually should be in an environment which is as closely
as possible to the environment where his badge is left when he is not
wearing it, so one can subtract that exposure to which the badge is

exposed but the personnel isn't.

MR. HAMPLEMAN (State of Illinois): I'd like Dr. Taylor to discuss
a bit more how much routine x-ray do we dare give to the routine
airline passenger.

DR. TAYLOR: I'm not even going to try to answer that question.
This is, if it's every done, going to be a matter purely of judgement
as to how much will be permitted and this judgement will depend on

public attitudes towards radiation. The public attitudes of the
people who are going to be involved. I couldn't possibly give even
a guess to what kind of exposures might be allowed at this time.
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MR. AMAN: I think this relates the risk-benefit balance of nuclear
power generation. I know that most of us in this room are touched by
this, either in terms that we’re working on these nuclear power plants,
or we have low power in our homes during peak power times. I’m wondering
Dr. Taylor, if there's anything that we can do, or is there any literature
out with which we can help educate our friends in the general public.
As you say, the people who are going to have to undergo this radiation
exposure. Are you aware of anything that we can use?

DR. TAYLOR: This again I'm afraid involves the judgement of
Solomon. I think that the public has been rather mislead in some
respects with regard to what this problem is. Sooner or later the
public is going to have to face up to the question of whether it wants
to go without power or whether it wants to raise its own radiation
exposure levels somewhat. I'm not advocating anything at this point,
but when you realize that when, for example, I was working downtown
as I was until a year or so ago, I was probably exposing myself to
substantially less radiation during my period downtown then I was when
I went home to Bethesda at an altitude of 340 feet where I spent two-
thirds of my time. The change in radiation level there is probably
greater than any we are talking about at the present time in national
power reactors.

MR. BERK: I'd like to ask this of Mr. Rivkin. How would you
handle an occasional unexplained film badge exposure which is very
high reading, from a legal standpoint and also for record keeping?

MR. RIVKIN: This is why I stressed the various pieces of

information that can be arrived at. The information contents of
the badge is very important. We need it all for 99.9% of all our
values. The badge may be intentionally exposed. It may be an

exposure that the badge received but the individual wearing the badge
did not receive. In December of last year, one of the universities
in the Southwest had an overexposed badge to the tune of 430 roentgens.
Everybody of course got excited and as a result some of their clinical
information was erroneous, but the fact was, it cost them $12,000 to

evaluate that type of badge. The way it was evaluated essentially was
by lowering a badge into the irradiation port at the facility, and

it was found that the filter pattern and the pattern of the exposure
matched very similarly to the badge that the individual wore. The
individual also wore a dosimeter which read 160 MR for that week. He

had both a neutron and a gamma badge. The neutron badge did not show
the very intense exposure, if the exposure was there. So it was

essentially established, after, as I mentioned $12,000, that this was
an exposure to the badge and not to the individual. No answer is

available yet how that exposure got there. The fact is that many times

we get these relatively high exposures. We try to take a look at the

pattern on the badge itself. It is possible that in those cases where
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the badge is principally exposed, rather than the individual, to get
a source pattern on these badges. Sometimes the source pattern can
actually be duplicated by exposing the badge as it may have been
exposed. Sometimes it works—sometimes it doesn't. This is why I

proposed larger badges whereas some companies are going to smaller
badges such as 8 millimeter badges, etc. The fact is, it's a detective
story and the health physicist has to act as a detective in such
instances and observe many parameters as possible, including perhaps
chromosome aberrations from the individual who may have been exposed.
This data is now available. You can read very low levels of radiation
exposure by merely checking the chromosome aberrations of the individual.
There is no easy answer. This is why it is extremely important to

have as much information content as possible. Whether it's a thermo-
luminescent or a film badge that's used.
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INDUSTRIAL RADIATION UTILIZATION
AN OVERVIEW
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INTRODUCTION

The overview that I'm going to present is difficult because the field
of radiation is so immense and if I do slight in some area, please
forgive me. Time doesn't permit us to cover it all. We'll try to
give you a balanced view of the industrial radiation field. A little
historical perspective first. For several years prior to World War II,

radiation technology as a nondestructive test skirted the edge of
industry . (1) Industrial management of the 1920's and 30 's viewed the
concepts and systems of nondestructive testing (NDT) as costly curiosities
not yet adaptable to large-scale, automated manufacture. It was felt
that the systematic testing of materials, components, and products
without impairing their usefulness was somewhat of a luxury and that
periodic destructive tests were ample. As a result, the science
of NDT lingered in the laboratories until the early 1940 's.

Like so many other technologies, NDT received a great impetus
from World War II, and during those years it was actually formalized
into a science with the establishment of the American Industrial Radium
and X-Ray Society. This organization later evolved into the American
Society for Nondestructive Testing (ASNT) . The Society now consists
of more than 5,000 members, as well as 75 corporate members, and
publishes several books and a monthly journal, Materials Evaluation .

With the added impetus of continued military development— the
Korean conflict, the Vietnam War—and a large-scale U.S. space effort,
radiation technology has undergone considerable expansion since the
1940 's.

Within the past decade, for example, rapid advances in materials
technology and increasingly stringent aerospace and commercial
specifications have moved radiation technology out of its singular
role of quality control, into a new and still expanding role as a

diagnostic and predictive tool to be used in all phases of design,
development, test and field evaluation.

( 2 )
In 1895 Roentgen discovered x-rays and in that same year,

made the first industrial radiograph shown in Figure 1. That's
the good gentleman's shotgun you're looking at. You can see the



97

lead ball charges—one on the right and 4 on the left side. This
is the first industrial radiograph—in 1895. 1898 is another date
to remember commemorating the discovery of radium. In 1929 the
Naval Research Laboratory did the first casting x-ray using radium.
1932 marks the discovery of neutrons which is a radiation source in
present use. And 1946 is another landmark being the date for the first
shipment of an isotopic source from the old Clinton Laboratories at

Oak Ridge. The growth in radiation is typical of other technology.
Figure 2 shows the radiographic literature references^-

?) from three
different sources and you see the exponential curve here, doubling
indicated about every 12 years. The sales of equipment(8-H) also
indicates this growth, Figure 3, and it gives you some idea of the
magnitude of what we’re talking about. This data covers radiographic
equipment and film, indicating sales at the beginning of this decade
of some 40 million dollars and projected to 1980 at 122 million dollars.
Radioisotope sales are of a like amount. So we’re talking almost
$100 million right now and certainly over $250 million at the end of
the decade. Figure 4 shows the literal technology "explosion" and
indicates the areas we're going to try to cover. I want to talk about
radiation sources. I want to talk about equipment developments that
have made radiation available. Field and shop applications will be
covered. Public sector problems, such as we are addressing today
will be discussed. Use in the military area will be touched upon
briefly. And finally, future trends will be indicated.

( 12 )Sources - Figure 5 shows the typical radiographic examination.
Just to refresh your memory of radiography, the following is a brief
explanation. Electrons impinge on a target, generating the x-ray beam.
The specimen is placed in the beam. It makes a shadowgraph on the

film. This is one source of radiation x-rays. Electrons are also
used for radiography and testing. (1^) Figure 6 shows their similarity
to x-rays, with electron features given on the right. The electron
system is a little bit different in that a radiator is put in the
x-ray beam that in turn emits electrons. Electrons passing through
the sample are differentially absorbed. Expose the film, and you get

a shadowgraph in a manner similar to the x-ray method. Thus, electrons
represent another source of radiation. Isotopes, as shown in Figure 7,

are popular radiation sources.*-^) Those that are in use today include:

cobalt-60, cesium-137, iridium-192, thulium-170 and radium. The figure
gives you some idea of the half-lives, the source sizes, and other
parameters that are pertinent to using the sources. Krypton-85 is an

additional current popular source, and ytterbium-69 is another. Both
are used for low energy radiation. Isotopes represent a large source
used in radiation technology. Figure 8 shows the advantages of using
neutrons . (15) x-ray absorption follows the atomic number in a fairly
regular manner as given by the solid line. Neutrons in contrast (open
circles) have various absorptions for various elements, and this is
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what makes it particularly attractive when you're trying to do some

test work and separate one from another. Neutrons are generated in a

number of ways. Figure 9 shows a typical reactor for neutron radio-
graphy. (16) Neutrons are generated in the reactor, a port is provided
to bring a neutron beam out, the sample is placed in the beam and a

film records the image. A screen-film transfer technique is used in

neutron radiography to capture the image. There are also isotopic
neutron sources. Figure 10 shows a typical use. A radioactive source
of antimony-58 in the cask at the left is brought through a tube to a

beryllium body and the antimony-beryllium nuclear reaction generates
neutrons that then can be used to penetrate the object. This device
has some interesting safety features because when you separate the
antimony and the beryllium again, the neutron generation stops. The
device is portable and is handy to use, though the flux is low so it
normally takes long exposures. Californium-252 is another neutron
source that is finding a lot of use at the present time. Finally,
accelerators are used to generate neutrons also.

Neutron activation is a facet of the use of neutrons that is a

little bit different than the normal absorption applications. Figure
11. It is dependent on taking a stable element, exposing it to neutrons,
making it radioactive, and then as it emits and decays, using a

detector that picks up the characteristic radiation of the unstable
element allowing detection and measurement of it. (17) Figure 12 shows
a typical method of applying neutron activation. (18) a neutron accelerator
irradiates a selected sample. It is transferred to a detecting head
and the unstable emissions measured there with a counter-detector.
Neutron activation is used for in-process chemical analyses, corrosion
studies, trace-element determination, contaminant identification,
micro-chemical analysis, forensic work, and product tagging. One
element of the growth then that we've seen in radiography and radiation
technology is due to the availability of these various sources and their
various configurations. Ready access to a spectrum of energy in varied
forms has really sparked the growth.

Equipment Development - Another facet that has helped growth is

equipment innovation. We want to cover a few items in this area to

show equipment portability, accessibility, and simplicity . Examples
have been selected to demonstrate such features. The first one is a

Piezeoelectric X-ray Generator as shown in Figure 13. The piezeoelectric
X-ray generator turns the tables on ultrasonic testing in the use
piezeoelectric elements. A stack of piezeoelectric disks is deformed
by a mass loaded through an expansion chamber, and then using the voltage
developed, applying it across an x-ray tube to generate x-rays .

(^)
The device is completely self-contained, and operates on single pulses.
Operation of the expansion chamber can be either through an expansion
valve with just a hydraulic cylinder for loading, or it can be an

explosive cartridge that forces the mass against the piezeoelectric
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stack which in turn generates the voltage necessary to activate the
x-ray tube. It can be appreciated that the device is almost the ultimate
in simplicity and protab ility. Figure 14 shows an application of flash
x-rays. (20) Flash x-ray equipment is another device advance that has
facilitated the use of radiation through providing extremely short,
intense bursts of radiation. The figure shows a gun with the bullets
visible and the stop-action of a fired bullet penetrating a stack of
material. Principally used for ballistic work, flash radiography
is equally applicable in material studies, explosives, and biology.
Flash equipment has been made extremely portable, light-weight and in
various size energy ranges. TVX is a direct viewing development. (21)

Figure 15 shows the principle. X-rays from an x-ray source go through
the specimen impinging on an x-ray sensitive vidicon. The vidicon tube
is sensitive directly to the x-radiation and it acts in place of film.
A presentation of the x-ray image is obtained on a TV video monitor.
You can see the object in real time and in motion. Additionally, it is

possible to achieve magnification, 20 times magnification for instance,
which makes it a very searching tool and has increased the use of
radiation tremendously. Another device is the Panoramic X-ray Tube. ^ '

Figure 16 shows that it has a similar configuration to that of the

normal x-ray tube. Except, the target here is conical and the radiation
comes backwards from the target in a semi-spherical radiation pattern.
The physical size of the target is small so you can, for instance,
insert the end into a heat exchanger tube and actually radiograph the
weld on the tube face. Here again is an example of a device that is

extremely portable and versatile and can extend radiation uses. The

next examples show some of the automatic and mechanized features in
radiation technology equipment development. In-motion radiography is

illustrated in Figure 17.^3) An x-ray tube supported on an arm is

collimated by three slits to create three narrow beams of radiation
120° apart. A welded tank is moved over the x-ray beams, literally
painting radiation on strip film. A simultaneous exposure of all

three joints is achieved in this manner. In this case the sample is

moving while alternately it is possible to fix the sample and move
the radiation source making the radiograph. Automation of this sort
is made possible by the use of strip films, and automatic film processing.
A variety of film emulsions, availability of roll and strip film and

automatic film processing have all served to augment the use of radia-
tion and make it simpler and easier to use.

Another automatic system applied to Satum-5 tank manufacture is

shown in Figure 18(24)
# Radiographic examination is being made of a

gore seam. The x-ray source, an x-ray tube, is mounted on a track on

one side of the joint. An automatic film cassette that is matched to

the movement of the x-ray head is located on the other side. The

apparatus is sequenced to take a picture, move along the seam, take

another picture, etc. In the one set-up here complete examination of
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the joint is accomplished. There are other equipment features that
there is insufficient time to detail. Isotope cameras are available
that are small and large; flexible and fixed. They can be used in very
inaccessible locations. X-ray equipment is available that encompasses
all radiation energies from very low voltages to the linear accelerators
that are rated at 25 MeV. Augmenting these are accelerators that give
different radiation sources—ions & photons. The spectrum of radiation
technology equipment describing the various segments of activity is so
broad as to require separate individual treatment at another time.

Shop and Field Applications - Increasingly, radiation technology
is leaving the laboratory and is being used in the shop and the field.

And this is where we do get concerned about the safe use of radiation.
The following are just a few examples of uses in the field and in the
shop to point up the potential problems. Tubing and pipe is being
examined in shops and storage yards as shown in Figure 19. An x-ray
tube is supported on an arm which goes all the way inside the pipe to

a point opposite a direct read-out image amplifier type of device. (25)

An operator sits in the light-tight booth while the tube or pipe passes
over the inspection head. The inspection is performed out in the shop.

Another use in the factory is gaging. Figure 20 shows an x-ray
gage in the form of a large yoke with the x-ray tube in the top arm,

and the detector in the lower. The yoke is mounted on a carriage to go

around a strip on a hot mill as shown in Figure 21. The yoke is in
place next to the roll stand and measures the gage thickness of the
steel strip as it comes out of the rolls. This type of measurement
has allowed very close control of the gage thickness resulting in

precise control and in economies in strip rolling. The illustrated
gage is a x-radiation gage; there are also isotopic gages which are
used in the same manner. These are practical devices being used in
the shop environment with shop people. The other extreme in size,
Figure 22, shows a beta gage using an isotopic source. (26) Here, it is

desired to measure either very thin materials or plating and paint
thickness. Beta rays from a source such as krypton 85 penetrate the
material and are picked up by the ion chamber to obtain a read-out of

the thickness through differences in absorption. This measurement
method features non-contact sensing of moving strips to achieve process
control. Another example of in-process control is the x-ray fluorescent
spectrometer, (27) as shown in Figure 23. It is desired to monitor a

process stream in a pipeline by taking a by-pass off the main line and
mounting a spectrometer in the loop. Figure 24 shows the measurement
cell features illustrating the use of a radiation source; cobalt-57 in
this case, along with solid state detectors. Different sources are
used dependent upon the process flow streams being measured. The
principle is to excite a characteristic radiation in the processed
material. You detect the characteristic radiation with a semi-conductor
solid state detector, either a germanium or sodium iodide type crystal.
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The device uses only nominal power; it does not require high-voltage
excitation. It is electrically cooled, doing away with liquid refrigi-
derants which has been a hold up in using these devices. Here again
we have radiation being used in the factor, inprocess, as a control
device. Another use of radiation isotopes in areas outside of the
laboratory is for wear measurements and tracer work. There is a whole
field of tracer work using radioactive isotopes that is a subject all
in itself. The example we will discuss uses krypton 85, which has some
unique features. ^8) jn mos t tracer work it is normally necessary to
incorporate the radioactive material in the sample to be tested.
However, Krypton-85 being a gas, you can either ion implant it, or
diffusion treat the sample and just get it into the surface layers.
Typically, in a wear test, Figure 25, you then use a detector to read
the krypton as it comes out when you rub the sample back and forth.
Another example of Shop activity involving radiation is leak testing. }

Figure 26 shows krypton-85 being used for leak measurements. The steps
followed are simple: put samples in chamber; evacuate the air; admit
the krypton gas; soak the parts (if there's a leak, the krypton goes
inside the parts) ; return the outside gas to the storage tank; wash
parts with an air wash to remove the surface evidence of krypton-85;
and then put the parts into a counter to measure the amount of radiation
that is now coming from the krypton that's inside the part (if it

leaked). Very sensitive leak testing can be done in this manner. Still
going on in the shop type of use, Figure 27 shows reactor piping welds
being examined (^0 ) . An isotope is being used - Cobalt-60 in this case,
to examine the circumferential seam of a section of a reactor piping
system. Illustrated is a typical setup for a panoramic exposure. Power
reactors are becoming some of the most thoroughly tested products in

industry today. Federal requirements now impose in-service monitoring
where tests and measurements are made at initial installation of the
reactor and at periodic intervals thereafter. Measurements are made
at the same places to see what effects the service and use of the
reactor has upon materials and propagation of discontinuities. As a

consequence of initial reliability requirements and in-service monitoring,
the nuclear field is a tremendous area for radiation applications in

the shop and in the field.

Shipbuilding is another common area involving considerable shop
and field work. Figure 28 shows some pipe work that is typical. The

size of the work being done in the shipyard requires exposures out in

the yard and on the floor. In irradiation processing, radiation
generating equipment and isotopes are directly involved in the process

as an essential step. Irradiation, for instance, can be used to dry

and cure paints (Ford Motor Company has just put in a production
isotopic irradiation facility) . Irradiation is being used for cross-

polymerizing plastics. In the food industry, irradiation is being
used to retard spoilage, to examine cereals (for foreign materials),
for grain infestation, to examine candy bars, and to determine the
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freshness of oranges. Let us remember that there is a whole area here
that needs attention in completely covering radiation protection and
safety

.

Public Domain - Some field applications of radiation technology
are unique for their potential of exposure of the public in general.
Some examples will be given where we are away from the laboratory, out
in the field, potentially exposing the operators, and perhaps bystanders
also. The agriculture industry is using radiation and one interesting
example is the radiography of cattle (31; to determine the occurrence
of dwarfism, as shown in Figure 29. A calf is radiographed in a
conventional manner to image a particular section of the verterbrae.
Figure 30 shows how the verterbrae indicate a purebred, a gene carrier,
and a dwarf. Forestry is an important industry and Figure 31 shows
an example of radiographic examination of trees for rot and other
characteristics of the wood. (32) in a more mechanical direction.
Figure 32 shows an example of airline maintenance. Here again, these
are tests that are being done on the equipment in place. (33) The
radiation source is taken to the equipment or to the part to be examined.
Figure 32 shows an isotopic examination of blades in place in the engine.
Certainly, if we can determine the condition of the engine without
tearing it down, it's a big savings, and it will ultimately keep the
cost of the airline ticket down. There are other examples of the
radiation source being taken to the equipment to be examined. Figure 33

shows an application in the utilities industry. High tension cables
can experience fatigue failures . (34) Radiography can detect such
failures in place using a j ig as shown here to hold a small x-ray head
and film packs on the conductor. Figure 34 shows where they have to go

to take pictures up on a tower. This testing has proven helpful in
preventive maintenance out in the field. Not all applications are as

far out in the field as this. There is a whole public sector area
where we do run into residential areas and people problems. Pipelines
do go through cities. Codes require radiography of pipelines. Figure
35 shows a typical application of an x-ray generator on a trailer, to

the x-ray source, for examining the joint in a pipeline. Construction
of buildings is mainly in the cities. More and more radiation is being
used in building construction for the evaluation of quality of

workmanship. (337 Figure 36 shows reinforcing rods being examined for

weld quality. Bridge and highway departments use radiation. Figure 37

shows a man radiographing a joint on a high bridge girder. In the

highway work, radiation is also being used for moisture gaging, for

density measurement, for concrete cure, and for soil compaction. The

foregoing are some of the more direct examples in the area of public
involvement in the use of radiation. There is a more indistinct
societal influence as well. Hijacking and bombs on airplanes need
to be detected. Figure 38 is a typical example of a package examined
by radiation detect the occurrence of a bomb. (36) Customs for a long
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time have used radiation for detecting contraband and imported material
improperly brought into the country. The postal authorities have used
radiation for mail examination. Radiation is even used in the art
field, for examinations of paintings, sculpture, archeology and stamps.
Thus, there is a wide area of public involvement with radiation.

Military - Just as increased radiation technology utilization has
been realized in civilian life, innovative and equal applications are
being made in the military arena where the same problems are present.
Figure 39 shows just one example of a radiographic examination of
aircraft that is typical of military effort. The military are involved
in all of the same industrial uses in all of their equipment. In

maintenance of their field equipment and at supply depots perhaps more
radiation utilization occurs. In general, you have people operating
and utilizing equipment that are well-instructed and trained, but there
is a turnover, and you do have to have this equipment used knowledgeably
and safely.

Future - Finally, let’s look at the future. We’ve seen considerable
growth up to this time; we can look forward to even greater growth in

the future. The curve in Figure 2 showed an almost exponential growth
rate, and among some of the things we have to look forward to, one is,

for instance, x-ray holography. Outstanding advances have been made
in optical holography and in acoustic holography. Well now there is

work being done on x-ray holography. Figure 40 shows an ultra-violet
laser that uses a travelling wave excitation. (37) Figure 41 shows a

pulsed electron beam type of system. (33) These are examples of coherent
emission at short wavelengths . The important thing is that they are
lasing down to 1.16 angstroms in ultra-violet, and that's just a short
way from the 0.98 angstroms for x-rays that we need to have. And it's

optimistic that within a short time we will see an x-ray laser and then

x-ray holography. This achievement would mean, of course, three
dimensional internal visualization of solid objects. Another area of

activity that's in the future that's coming forward is image enhancement
of the radiographic film. Figure 42 illustrates quite a simple device
of this gender. A travelling light spot penetrates the subject film
with a slaved photo pick up and adjusts the exposure of a second light
to bring up the dense parts and hold back the light parts in a copy

film. (39) There is now available sophisticated electronic processing
similar to that used on the moon and space pictures that we can apply
to radiographs. I believe we will see a whole area of activity in

this direction. Figure 43 shows a solid state device for direct viewing
and enhancement. A semi-conductor material is used, with the image
impinging on a phosphor and the image is intensified like the dark
cameras used for TV. (40) With x-ray sensitive phosphors it should be
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possible to visualize directly the x-ray image and bring out very slight
density changes. Finally, mechanization, automation, and the systems
approach will be used in the application of radiation technology as

shown in Figure 44, and will further expand the whole field from the
manufacturing area where it's been traditional, up into the development
area, and into materials variability, down into the test and use areas
where we have evaluation of performance . This overview has attempted
to illustrate the broad use of radiation technology in many facets of
the industrial complex. Future growth based on past performance portends
to be phenomenal.
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Figure 1. First industrial radiograph
made in 1895 by W.C. Roentgen shows
his double-barrelled shotgun with
two different charges.

Figure 2. Industrial radiation growth

as reflected by literature references.
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areas to be covered in considering the expansion
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Figure 5. Schematic diagram show-
ing the fundamentals of a radio-
graphic exposure
(Eastman Kodak - Ref. 12)

Conventional Radiography Transmission Electron Radiography

Figure 6. Comparison of conventional and electron
radiography (Shelton, AFML - Ref. 13)
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COMMONLY USED RADIOGRAPHIC SOURCES

Source Energy

(Mev)

Half-

Life

Specific

Activity

(curies/gram) 1/2 Curie

Source

1 Curie

Size

5 Curies 10 Curies

Output

per

Curie

(RHM)

Aver. Hal

(In

Concrete

-Thickr

:hes)

Steel

ess

Lead

Cobalt - 60 2 Gammas

L17&L3?
5. 3 Yrs. 100 1 1 L 35 3.4 L0 0.49

Cesium - 137 1 Gamma
0.66

27 Yrs. 25 0.39 2.6 0.8 0.25

Iridium - 192 12 Gammas
0.21 to 0.61

74 Days 350 0.55 2.2 0.5 0.14

Thulium - 170 2 Gammas
0.052 to 0.084

plus Intermal
Conversion

127 Days 4,000 0.003 - *
'

Radium - 226

(For Comparison Only)

5 Gammas
0.20 to 2. 20

1650

Years

1 1.0 - -- -

Figure 7. Isotopic sources commonly used for gamma
radiography.

(Socky, G. E. - Ref. 14)

Figure 8. Absorption of neutrons and x radiation.
(Berger, ANL - Ref. 15)
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Figure 9. Neutron radiography facility using a high-flux
nuclear reactor.

(Porter, Burkdoll, G. E. - Ref. 16)
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Figure 10. Typical arrangement for taking radiographs
with portable isotopic neutron radiographic device.
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Figure 11. Schematic presentation of neutron
activation.

(Ogbom et al. - Ref. 17)

Figure 12. Block diagram for activation anal-

ysis system.
(Wood, Kamen Nuclear - Ref. 18)
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Figure 13. Schematic diagram of a
portable x-ray unit powerep by
Piezoelectricity.

(Hudec, OSU - Ref. 19)

Figure 14. Flash radiograph of a bullet from a Colt
45 automatic pistol impacting upon a target sand-
wich of lead 7 Plywood

(Lewis, Field Emission - Ref. 20)
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Figure 15. Relative positions of x-ray source, test
specimen, and television camera.

(Mitchell, Rhoten, McMaster, OSU - Ref. 21)
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Figure

16.

A

panoramic

x-ray

tube

used

for

the

radiographic

examination

of

tube-to-tube

sheet

welds.

(Socky,

G.

E.

-

Reference

22)
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Figure

17.

Automation

of

radiographic

exposures

using

a

split

aperature

witn

the

object

in

motion.

(Hitt

§

Hagemaier,

Douglas

Aircraft

-

Ref.

23)
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Figure

18.

Hard

tooling

of

a

radiographic

examination

station

for

automatic

operation.

(Mortimer,

NASA

-

Ref.

24).
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Figure

19.

In-line

fluoroscopic

inspection

of

large

diameter

pipe.

(Picker

Corp.)
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Figure 20. Typical steel strip hot

mill x-ray gage illustrating the

gage head assembly on a hot mill

carriage.

Figure 21. On-line x-ray gaging of steel
strip.



Figure 22. Beta ray backscatter principle.
(Hendron, Aerojet - Ref. 26)

Environmental
Enclosure " V

Figure 23. On-line elemental analysis system.
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Figure 24. Measurement cell for on-line
elemental analysis system.

GUIDE WHEEL

Figure 25. Apparatus for the detemination of wear by krypton- 85

loss.

(Cucchiara § Goodman, Parametries - Ref. 28)
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Figure 26. The steps used in per-

forming a krypton- 85 leak test.

Figure 27. Gamma- ray techniques set-

up for panoramic exposure of pipe
weld.
(Socky, G. E. - Ref. 30)
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Figure

28.

Typical

x-ray

technique

for

double

-wall

exposure

of

pressure

piping.

(Socky,

G.

E.

Ref.

30)
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Figure 29. Radiation technology in the food industry; radiog-
raphy of a calf for evidence of dwarfism.

(Garside, Westinghouse - Ref. 31)



NOTE CHANfiE IN VENTRAL ASPECT OF LUM8AR VERTEBRAE

Figure 30. Vertebral indica-
tion.

(Garside, Westinghouse -Ref.

31)

Figure 31. Radiation technology in the
forestry industry; radiographic study
of living trees for disease, growth
patterns, density, and mositure content.
(Picker Corp.)



Figure 32. Isotopic radiography of a jet en-
gine achieved without dismantling engine.

(Slayden, Eastern Airlines - Ref. 33)

Figure 33. Jigging used to position film
plates and x-ray unit for the radiography
of high voltage power conductors.

(Elton, Bonneville Power Adm. - Ref. 34)
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Figure 34. Field radiography cf
high voltage power conductors in

place on tower.
(Elton, Bonneville Power Adm. -

Ref. 34)

Figure 35. Portable x-ray unit (275KV ) in
use in the field. (Sodcy, G.E.-Ref. 30)



Figure 36. Building reinforcing rod welds being
radiographed using a radioactive isotope.
(Milek, Elliot, Carpenter - Ref. 35)

Figure 37. Typical "locale” for radiographic inspec-
tion of plate girder flanges of a bridge.
(Milek, Elliot, Carpenter - Ref. 35)



Figure 38. A simulated bomb revealed by
x-ray of an innocent -appearing package.
(Turner, E. K. - Ref. 36)

Figure 39. Radiography of the front wing
spar on a commercial jet; similar ex-
posures are made on military aircraft to
measure corrosion of fuel tanks.
(Warde, A. H.)
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Figure 40. Vacuum ultraviolet laser is initiated by 30-

kilovolt pulses generated with a Blumlfin circuit
parallel-plate transmission line.

(Hodgson, I EM - Ref. 37)

Figure 41. Vacuum-UV laser confines the electron beam with a pulsed
magnetic field.

(Hodgson, Dryfus, IH4 - Ref. 38)
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Figure 42. Automatic film dodging as a
means of extracting additional informa-
tion from a normally processed radio-
graph. (Hass § Thau, LogEtronics-Ref . 39)

Figure 43. Proximity focused channel in-

tensifier tube for the direct enhance-
ment of radiographic images.
(Alting-Mees ITT - Ref. 40)
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RELATIONSHIP OF NDT TO PRODUCT FLOW

4 4
Design (Conceptual) NDT Research

+ +
Development 4 » NDT Development
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Jr

Engineering/Design NDT Review of Drawings

(Detail) Prep, of NDT Specs & Stds.

NDT QUAL. TESTS SELECTION
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Figure 44. Radiation technology along with nondestructive
testing viewed in a systems content in industrial
applications.

(Socky, G.E. - Ref. 41)
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DR. VAN PELT (Hof fman-LaRoche, Inc., New Jersey): Do the people
who work in the shops with these isotopic and x-ray sources generally
come under the direct control of a health physicist?

MR. SOCKY: In a typical industrial commercial facility, there
is usually a safety man that has some knowledge in this area, but it
probably is not as tight as we would like to see it. I’m talking of
the 40 man 50 man shop, where sometimes the safety man has so much
to do that he just can’t devote the proper amount of attention to the
construction and monitoring of the activity. Many commercial operations,
of course, do have—I don’t think they call them radiation physicists,
or radiation monitors, or radiation safety officers—but they do have
safety people that are certainly, through this kind of activity, aware
of the problems and hazards.

MR. HARVEY SCHOOK (Consultant) : On the question of the attention
of safety in the shops, do you feel that there is any lack of attention
being given in this area, or reduction of attention, as a result of

the increased emphasis in the OSHA area and other areas of industrial
safety?

MR. SOCKY: I think it’s reasonable right now. However, I’m
concerned with this growth that we see. The expansion beyond what
we have right now, where it just becomes very difficult to keep things
under control is what could be hazardous. We do have regulations
and licensing that seem to be working reasonably well. What we need
to be concerned about is the proliferation of radiation. We have
various sources in the equipment. They are simpler to use; compact;
portable. I am concerned that are getting into areas that are really
on the fringes of industry. This, I think, is the area we need to

address

.

MR. CLAIRE PALMITER (EPA) : Related to these last two questions,

will you, or the other speakers this afternoon, give us some idea of

the exposure that these workers are getting from all these applications?

MR. SOCKY: Yes. I understand there will be pretty good coverage

on that topic.

MR. BERK (Frankford Arsenal): I would like you Mr. Socky, and

the rest of the speakers on this panel, to comment on what type of

radiation safety requirements you incorporate in your contracts when
working with this type of equipment—x-rays and also isotopic equipment
for commercial and industrial use.
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are
AEC

MR. SOCKY: To the best of my knowledge, the existing standards

called out in the procurement request to conform to ANSI, ASTM,

requirements, and other code generated values.
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Warren J. Weldon
American AirLinei

Maintenance and Engineering Center
Tati a, Oklahoma

When first thinking of an airline and their primary function of
moving passengers and cargo from point A to B you might well wonder
how that business would be involved with radiation safety. Upon closer
examination you will find that several aspects of airline maintenance
and operation have phases that relate to radiation safety to some degree.

The very nature of airline operation is that safety is the fore-
most consideration in all of its maintenance and operating functions. It

is only natural in this constant awareness for safety that, in matters
where radiation is concerned, it is treated with all due respect.

We will first look at one of the less obvious devices used in our
business that involves radiation safety.

A device used by some airlines maintenance bases that is a powerful
source of X-ray radiation is the electron beam welding machine. This
machine performs its welding function by impinging a high velocity stream
of electrons onto the area of the piece part where the weld bead is

required. The machine operation is vaguely analogous to what takes place
inside an X-ray tube. A stream of electrons, originates at a filament
and through use of upward to 150,000 volts, are accelerated to the area
to be welded which represents the target in an X-ray tube. This process
results in the generation of a considerable amount of X-ray radiation.
Again, as in the case of the X-ray tube, this process must take place in
a high vacuum. Thus the piece to be welded is placed in a chamber
that must be evacuated of air before the electron beam becomes operative.
This chamber is heavily shielded to completely contain the radiation
generated by the beam. The electron beam cannot be activated until the
chamber is sealed and evacuated. The operator views the weld area using
a sighting scope and can view the chamber area through a lead glass window
that affords very effective radiation attenuation. Each operator wears a

film badge as a radiation monitor. In the 3-1/2 years use of this equip-
ment in our plant the maximum film badge reading in a one month period
was 5 mR and the usual reading is 0 . As an operator may have the beam
activated 3 hours per day, readings of this low magnitude attest to the

effectiveness of the radiation shields and the safety factor designed
equipment

.

Now we will get down to the most generally known area of radiation
in our business and that is the usage of X-ray and gamma ray equipment
as a nondestructive testing tool.
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X-ray as a structural inspection method was first adopted by the
airlines around 1954. Prior to that time most aircraft structural
inspection was achieved by disassembly and visual techniques. With the
introduction of more complex and highly stressed structures as were used
in the Douglas DC-6, Convair 240 and Lockheed Constellation airliners,
the need became greater for an economical and reliable testing method.
These were also the earliest pressurized commercial aircraft and this
created a need for a rapid, high confidence method to inspect the fuse-
lage for possible fatigue defects induced by the routine inflation and
deflation of this pressure vessel. X-ray inspection was a logical choice
for this task.

Since the bulk of the X-ray inspection was to take place on the

fully assembled airplane it immediately became obvious that the size of
the subject presented a considerable problem in terms of radiation iso-
lation. This was most certainly not a job that lent itself to being
done in a shielded enclosure. It also became readily evident that easily
handled, portable X-ray machines were the most suitable for this job.

Then as now, the airlines generally use portable X-ray units in a

power range from 140 to 400 kVp with a current rating up to 10 mA. The
tube heads are normally used with air cooling but can be operated with
water cooling when the nature of the exposure requires its use. A large
majority of the tube heads emit a cone shaped beam although some 360 degree
fan shaped beam units are used to great advantage for fuselage structure
radiographs

.

Aside from the primary beam emission these tube heads are generally
quite well shielded against leakage radiation.

As stated earlier, a subject the size of an airliner must be radio-
graphed in an area that is compatable with its size. This may be in an

outdoor ramp area where the aircraft can be handily isolated from unmoni-
tored personnel and the inverse square law of attenuation provides the

necessary availability of work stands, particularly for large aircraft
determine the desirability of this arrangement.

However desirable the isolated aircraft condition may be, it is a

Utopia seldom afforded the average airline radiographer. The reason is

simply that airliners are not earning money when they are not flying.
Therefore all maintenance must be carefully planned to afford the maximum
servicing during the ground time that is allocated for that function.
You can well appreciate that the operator of a fleet of aircraft costing
eight to twenty four million dollars apiece seeks the most efficient
use of the necessary ground time.
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This situation thus dictates that a lot of people are scheduled

to work on the aircraft much to the dismay of the radiographer.

While regulatory bodies permit unmonitored personnel to be
exposed to 10 percent of the radiation level permitted monitored
personnel, we strive to prevent unmonitored personnel from receiving
any radiation from our activities. The majority of airframe X-ray
takes place when the airliner is periodically routed into the central
heavy maintenance base to have those jobs done that do not lend them-
selves to accomplishment during the nightly maintenance services performed
at various field stations. Even though the airplane may be out of service
several days for this heavy maintenance, the radiographic inspection must
be done soon after arrival so that any defects detected may be repaired
during the remainder of the visit.

The aircraft is usually docked in a hanger for this level of ser-
vicing, and the radiographers go to work on it. As is usually the case,
many other people are also working on the aircraft. Film cassettes are
affixed to the structure, the X-ray tube head and control unit are
positioned for the exposure, and the perimeter barrier cones, ropes, warning
signs and lights are set up. Unmonitored personnel who may continue to

perform work on the aircraft outside of the barrier at the discretion
and permission of the supervisor in charge of X-ray are told that X-ray
exposures are going to be made. A check is then made to absolutely insure
that no unmonitored person is within the perimeter barrier and radio-
graphers are posted where they can observe the barrier. The radiation
safety warning lights are turned on and the control unit is activated to

make the exposure.

Using a survey meter, a radiographer will quickly check the radiation
level at the perimeter to determine that unmonitored personnel are receiving
no greater than 2 mR/hr level.

As I stated earlier, the X-ray tube heads used have reasonably good
radiation leakage characteristics. Our big problem arises from the

scatter radiation caused by the primary beam striking the airframe
structure, the hanger structure and floor and other reflecting materials.
Due to the size of our subject, we have little success with attempts to

use shielding to reduce the backscatter effects. Distance is our best
tool to insure absolute radiation safety.

Working under conditions such as these, the lowest kV is always

used that will provide an acceptable radiographic exposure, thus reducing
the extent of the scatter radiation.

Another commonly used practice is to have all the preliminary
preparations completed and then make the actual exposures during break or

lunch periods when no one except the radiographers are working on the air-

craft.
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In performing radiographic inspections on the Boeing 747, one air-
line positions the X-ray control unit and its operator in the aircraft
cabin where he is in communication via walkie-talkie with a radiographer
stationed on the hangar floor below the aircraft. The man on the floor
can observe the aircraft access stairs and thus determine that no one
enters the restricted portion of the aircraft while exposures are being
made. They have determined that personnel can safely work in the nose
landing gear area while radiographs are being exposed in the cockpit, but
remember the cockpit windshield is 30 feet above the ground level in a 747.

Most airlines have a radiation shielded radiographic exposure room in
which they can radiograph components up to the size of a fully assembled
jet engine. These rooms provide the degree of radiation protection
necessary to permit radiographs to be made at any potential and yet not
present a radiation hazard to personnel working immediately outside the
walls of the enclosure.

The X-ray exposure room at the American Airlines Maintenance and
Engineering Center at Tulsa has on the outside of each wall a locked box
which holds a film badge as a radiation monitor. These badges are processed
the same as those worn by the radiographers and provide us with a record of
the fact that the radiation level at the outside surface of the exposure
room is maintaned within acceptable safety limits.

Each radiographic job procedure is developed by a nondestructive
testing specialist who documents the detailed procedure for inclusion in
the airlines NDT manual. Radiation safety features, equipment required,
and job performance procedures are spelled out in detail. Each of our
radiographic job procedures is prefaced with the notation that the inspec-
tion must be performed by qualified personnel in strict conformance with
AA Safety Regulations.

The following industrial X-ray Safety Requirements are a part of

the American Airlines Safety Regulations and are typical of those used
throughout the industry:

X-RAY PRECAUTIONS - OPERATORS

1. Operators shall wear a film badge while operating the
equipment

.

2. Film badge records shall be submitted to local AA Medical
Department and Safety Engineer every 3 months.

3. Control panel operator shall assure that no one is

in the radiation area before making an exposure.

4. Personnel may perform work on an aircraft at the
discretion of the Supervisor- in-charge of X-ray,
and with his permission.
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a. This permission shall be granted only after the

Supervisor has made a radiation survey, of the
area where personnel will work, and it has been
determined that radiation is at a safe working level.

b. Diaphragms or cones, and lead backing shall be
used where necessary to take care of any inaccuracy
in beam positioning or excess beam size.

5. Personnel permitted to perform work on aircraft during
X-ray procedures shall be advised that X-ray is being used.

SAFETY REQUIREMENTS

1. A radiation survey shall be made of each fixed X-ray
installation by or under the direction of a registered
physicist. The survey shall be submitted to the station
Supervisor in charge of X-ray, with copy to Director -

Safety Administration - LGA.

2. The survey report must include the following information:

a. Classification of installation.

b. Brief description of normal operating conditions at

the time of the survey.

c. Statement of restrictions on type operation at the
installation.

d. Measured dosage rates in milliroentgens (mr) per
hour at critical point during actual operation of

the X-ray apparatus under normal operating conditions.

e. Permissible daily exposure hours for different orien-
tation of beam and location of X-ray tube, used under
normal operating conditions.

f. The maximum number of hours a person may remain in

each such region without being exposed to more than

0.1 roentgens (r) (100 mr) assuming continuous operation
of the X-ray apparatus under otherwise normal conditions.

3. A new survey shall be made when any changes are made which
will increase radiation hazards in existing installations.



142

4. A flashing amber warning light shall be provided, as

required, during entire X-ray exposure time. Placard
the light "KEEP 5 FEET FROM ENGINES AND FUEL TANKS,
AND 18 INCHES ABOVE FLOOR." Light should be turned on

at least one minute before exposure is made and shall
remain on during entire exposure time.

5. Rope barriers shall be erected around the aircraft
or aircraft areas being subjected to X-ray operations.
Signs on the rope barriers shall be the standard radiation
danger symbol signs. Signs shall be spaced approximately
25 feet apart.

6. Portable X-ray equipment must be equipped with an
interconnecting cable of not less than 75 feet between
the control box and the tube head for operation within
or around aircraft.

7. The X-ray equipment must not be operated where flammable
vapors may occur.

8. The X-ray control box must not be operated at a height
of less than 18 inches from the floor or within 5 feet
of an aircraft engine or container of volatile flammable
liquid.

9. The X-ray control box must contain an automatic timer
and shut-off device. Timers that can be set for "infinity"
or for an undetermined time must be reworked to shut off
automatically

.

10. The X-ray control box panel must be equipped with:

a. A red warning light to warn that X-rays are being
produced.

b. An auxiliary warning light to operate in conjunction
with the warning light on the control panel. (The

auxiliary warning light is a secondary precaution in

the event of failure of the bulb in the control panel
light during an exposure) .

11. Local laws pertaining to industrial X-ray equipment
installation and operation shall be investigated and
complied with.
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The physical requirements for radiographers and/or periodic

physical examinations are subject to the medical department regulations
established within the individual airline.

Monitored personnel are permitted a maximum radiation dose rate
of 100 MR/week, however typical film badge records show actual dose
rates average 3MR/week with some readings as low as a total of 10 MR
received during a period of 360 weeks.

Isotope radiography is a great blessing to the airlines for use
in jet engine inspection and monitoring programs. It is used throughout
the industry for this purpose as the configuration of a jet engine
lends itself most conveniently to this application. The basic jet
engine consists of a multitude of fixed and rotating parts located
concentrically around a hollow center shaft. The shape of these parts
and the axial spacing between them has a vital bearing on the performance
and integrity of the engine.

By placing X-ray film completely around an area on the outside
case of the engine and positioning an isotope source at a select
spot in the hollow center shaft, a sharp image may be obtained of the
intervening parts

.

Because of the mass and density of the material used in engine
construction, an isotope source of up to 100 curies of iridium 192 is

normally used for making these radiographs.

The possession and use of radioisotopes present the airlines
one of their most exacting maintenance practice safety challanges.
Depending on the state in which the airline uses isotope radiography,
the isotope program is licensed by, and must be in full compliance
with the regulations of the state radiological licensing authority
(in agreement states) or the Atomic Energy Commission (in non-agreement
states)

.

The radiation safety aspects, the maintenance of records and the

maintenance and control of isotope equipment are the responsibility
of the Radiation Safety Officer and/or his authorized alternates,
each of whom has received formal radiation safety training. The
performance of these duties is routinely monitored by knowledgable
supervisory personnel.

Each Radiographer and Assistant Radiographer receives formal

initial and recurrent radiation safety training. Each airline has

a detailed radioisotope operating and emergency procedure manual
which is the basis on which that airline is granted a license to

possess and use byproduct material.
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Airline, military, FAA, and vendor NDT personnel freely and
routinely exchange technical and safety information both formally
and informally. The Air Transport Association's NDT Subcommittee is

a classic example of a formal exchange medium for such information.

In addition to the actions outlined in the emergency procedure
manual, the personnel responsible for radiation safety regularly
discuss practical approaches for coping with potential radiation
hazard incidents that could arise in the day-to-day uses of radio-
isotopes .

At our maintenance center we provide our plant security personnel
with the procedure they are to follow in the event a disaster such
as fire or tornado threatens the security of our isotope storage facility.

We also provide our Materials Handling personnel detailed instructions
on the shipping and receiving handling of radioisotope shipments into
or out of our facility. Such shipments are closely monitored and
coordinated by our Materials Handling supervision and the Radiation
Safety Officer.

In many cases the engine to be isotope inspected is installed on
the aircraft, thus the radiation safety procedures follow those used
during X-ray inspection of the airframe itself.

The isotope projector is normally transported between the storage
facility and the job site in a vehicle designated for that purpose and
in full compliance with AEC and state regulations.

Radiographic operating personnel wear a direct reading pocket
dosimeter in addition to a film badge at all times they are handling
and using isotope equipment.

After preparing the engine for inspection, film holders are secured
over the area of interest and a rigid, sealed end guide tube is

accurately positioned within the center shaft so as to locate the source
at the exact spot desired. In the interest of brevity I will not
enumerate each detailed step of this process except to say that when
all operating and safety procedures have been satisfied and all
personnel have been cleared from within the perimeter barrier, the

source is rapidly cranked out until it bottoms in the sealed end guide
tube.

One or more radiographers quickly survey the perimeter barrier
to determine that at no point does the radiation level exceed 2 MR/HR.

Each time an isotope radiograph exposure is made, the radiographer
completes a Radiation Survey Record report graphically showing the

location of the source, the location of the perimeter and the distance

in feet from the source to the perimeter at a minimum of four points.
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He records on the Survey Record the actual survey meter readings made
at a minimum of four points around the perimeter. This record is

then filed in the NDT Laboratory.

With the mass and density of todays jet engines, the level of
external radiation is quite low when the source is positioned within
the engine and only rises to a high level during the brief time the
source is in transit between the projector and the engine.

Collimators are often used to limit the beam to a specific direction
and these considerably reduce the area of radiation hazard.

Several airlines have made good use of their retired piston engine
test cells through converting them to isotope radiographic exposure
enclosures. These buildings are constructed with extremely heavy
reinforced concrete walls and massive steel doors and are located some
distance from other occupied structures. All of these features make
them ideal sites for isotope radiographic operations.

In conclusion, the airlines make very advantageous use of radiation
sources to insure the integrity of their flight equipment and give
radiation safety practices the same high regard that they exercise in

the performance of all maintenance and operational tasks.



146

DISCUSSION FOLLOWING MR. WELDON'S PRESENTATION

MR. DICK: What percentage would you estimate could be
scattered back on large aircraft and what is the maximum tolerable?
You mentioned you want to keep it to a minimum but I'm sure, in
that type of set up, there’s got to be some scattered back.

MR. WELDON: I can't provide anything strictly in the way of
numbers, except to say that we take the barrier back to the point
where we have no more than 2 mR per hour. I realized in some
information that Bemie Boisvert had up here yesterday, that he's
made some number measurements in this respect. I would like to

try to do the same thing with some of the machines we use, because
that sort of data has become of much greater interest in
gatherings such as these then was ever the case before. It's
always been before just protect the monitored and the unmonitored
personnel. Now we want to attach some numbers to it.

JOHN WEILER (Essex Corporation) : The question I have is

relative to the use of x-ray exposure devices. Do your radio-
graphers wear dosimeters in addition to film badges? The second
portion of it is, do they actually use a survey meter when approaching
an x-ray device in the same manner as if it was an isotope device
to assure that in fact it's turned off?

MR. WELDON: The first question was related to the use of the
fiom badges and what type of activity do we use film badges, and
what type of activity do we use pocket dosimeters. When doing
strictly machine x-ray type of work, they’re only required to use film
badges, and these are processed on a once a week basis. In doing
isotope radiography, both film badges and pocket dosimeters are

used. Survey meters are used both in machine x-ray and in isotope
radiography, and for the very purpose you stated, to know positively
that the machine is off. One thing I didn't comment on during the
body of the talk was taht we always use a small drop light located
near the tube assembly because oftentimes we will have more than one
crew working. This light permits one crew to determine that the

other crew’s machine is turned on, so that they won't walk into an
area that is an unsafe. The light is not for un-monitored personnel's
warning. It is strictly for operator and monitored personnel
warning purposes

.

MR. HAMPLEMAN (State of Illinois) : Do you mean to tell me that
during the routine operation, the operator actually, in fact, has

to set up a 2 mR per hour barrier. If the man is all by himself,
does he actually do it?



MR. WELDON: The question is even under the isolated aircraft

—

I presume you're speaking of the isolated aircraft situation— do we
maintain the parameter barrier? Yes. Because we so state in our
isotope radiographic manual that as part of our license we shall do
so. So believe me, we do it. It doesn’t make any difference if
we’re shooting an engine way out in the middle of the boondocks some-
place and you have full visability of everything that’s about,
you still better have the cones and the lights up and maintain
that 2 mR/hr barrier. Because just as sure as you didn’t, some-
body's hand might be on your shoulder.

MR. H. LEE IFLAND (Genco X-ray Shielding Products Co.): I

notice you’re using mobile screens. Do you incorporate any
ayral warning devices about your shielding facilities?

MR. WELDON: I can't speak for whether the other operators do.

I believe that they may, on their fixed enclosures, have aural
warning devices . I would like to comment on the fact that the

Federal Aviation Administration, at their training center at

Oklahoma City, has done quite a bit of work in this respect with
an aural warning device to be used on the tube head assembly itself.
We have either prototyped or used this device. It’s a Mallory
Sonalert, very small physical size, attaches to, or immediately
adjacent to, the tube assembly. As someone said in the meeting
yesterday, you just don’t stay around where something is making
that much noise. You want to get away from it even if you didn't
know that it was on because there was radiation present. It's

a very effective psychological tool for radiation safety, and

I'm quite a strong advocate of it.
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RADIATION SAFETY IN PRESSURE VESSEL INSPECTION

H. V. GAabeA
WucXea/z. Equipment division
PouteA GzntiArution G/ioup

BaAbAock and WaJLcox Company
BaAbuMton, Okxo

Radiation safety in the pressure vessel industry is not basically
different from other industrial applications such as casting manu-
facture, pipeline fabrication, aircraft or aerospace; however, the
most significant difference is the physical characteristics of our
products

.

As most of you are aware, there is a serious power shortage in
our country today and of course this has caused our designers and
engineers to increase the output capabilities of power generating
equipment, thus resulting in increased size. As an example, the
physical size of the main components for a nuclear power system are
as follows

:

Reactor Vessel: 37 ft. long X 15 ft. OD 340 Tons
Steam Generation: 76 ft. long X 13 ft. OD 540 Tons
Pressurizer: 45 ft. long X 7 ft. OD 150 Tons

The physical size of a steam drum component for a fossil fuel
boiler is

:

98 ft. long X 6 ft. OD 380 Tons

The wall section thickness of these vessels vary from approximately
four inches to fifteen inches with weldments which have thicknesses
up to eighteen inches . Auxiliary hardware and internal components
for these vessels have section thicknesses ranging from approximately
100 mils to four inches; therefore, we can say in pressure vessel
fabrication, we must have the capability to radiograph section
thicknesses from 100 mils to eighteen inches. This wide range of

physical characteristics and section thicknesses require special
equipment, facilities and techniques and this paper is based upon

the radiation safety aspects associated with performing this radio-
graphy .
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FACILITIES AND EQUIPMENT

The facilities and equipment can be placed into four categories
as follows:

High-Energy Equipment - Co-60 Gamma Ray
400 KV through 7.5 MEV X-Ray

Low-Energy Equipment - IR-192 Gamma Ray
- 150 KV through 300 KV X-Ray

Permanent Radiographic Areas

Temporary Radiographic Areas

The following listed equipment is utilized in the Barberton
plant of Babcock and Wilcox and is not intended to be the required
or an exclusive listing, but is discussed in detail in order to have
the proper perspective regarding the facilities and protection re-
quired to utilize this equipment.

X-Ray Machines

7.5

MEV Linear Accelerator
2.0 MEV
400 KV
300 KV
250 KV

Output

1500 R/Min @ 1-Meter
Approx. 180 R/Min @ 1-Meter
Approx. 2.3 R/Min/MA @ 1-Meter
Approx. 1.4 R/Min/MA @ 1-Meter
Approx. 1.2 R/Min/MA @ 1-Meter

Radioactive Isotopes

Co-60 25 Curies
Co- 60 40 Curies
Co-60 150 Curies
Co- 60 1000 Curies
Iridium- 19 2 30 Curies

33.7 R/Hour @ 1-Meter
54 R/Hour @ 1-Meter
202.5 R/Hour @ l^Meter
1350 R/Hour @ 1-Meter
16.5 R/Hour @ 1-Meter

The high energy x-ray equipment is placed in a permanent area
of facility. These areas are constructed utilizing solid concrete
with a density of 147 pounds per cubic foot as shielding material.
Also, there is an alternative construction method utilizing "Lincoln
log concrete cribbing" walls filled solidly with sand. This type

construction has been limited to the 7.5 MEV Linear accelerator x-

ray machine facilities.

Cobalt 60 gamma-ray equipment above 150 Curies source strength
is placed in a permanent facility utilizing concrete as the shielding
material.
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The low-energy equipment is placed in a permanent area or facility
with the exception of 200 KV and 300 KV "portable" units and IR-192
sources. The portable units and the IR-192 sources are utilized with
portable concrete shielding.

7.5 MEV FACILITIES

Typical examples of high-energy equipment facilities are as
follows

:

The 7.5 MEV facility is 40 feet wide X 140 feet long
X 60 feet high. The target wall is 6 feet 1-3/4
inches thick solid concrete, the back wall is 4

feet 1-3/4 inches thick solid concrete, the end
wall "Lincoln log cribbing" filled solidly with
sand is 7 feet 4 inches thick and the access wall
and door are 4 feet thick solid concrete. (See
Figure 1.)

This building was surveyed with the x-ray machine located 28
feet from the target wall and the readings taken at 10 foot intervals
around the building and at 4 feet, 12 feet, and 20 feet from ground
level. The highest reading obtained was 15 mr. The facility is
completely enclosed by a chain-link fence and the highest radiation
level at the fence is 1.5 mr. The rotation of the x-ray machine is

limited to prohibit directing the primary beam at the access door.

A second facility constructed by "lincoln log cribbing" is 70

feet long X 51 feet wide X 55 feet high. (See Figure 2.) The target
wall is 9 feet, 10 inches thick and the back and end walls are 7

feet, 2 inches thick. The access door is 6 feet, 6 inches thick
solid concrete. A radiation survey similar to that performed on the

solid concrete facility was conducted and the radiation levels at

the outside walls were less than 2.0 mr.

Both facilities are equipped with four emergency shut-off switches
inside the exposure room, four emergency shut-off switches at the
x-ray head, four emergency shut-off switches on the modulator stand
and one emergency shut-off switch on the control panel. Two rotating
red flasher lights located on each side of the building are energized
when the x-ray beam is on. All building access doors, as well as

doors on the modulator and x-ray head, are equipped with interlocks
which must be engaged before the machine can be operated. Prior to

the beam being energized, there is a warning bell which sounds for

30 seconds . Our Company policy is to operate this facility with two

operators, thus providing a back-up for safety purposes. One operator
is responsible for the control switch key, thereby controlling the

operation at all times. All access gates to the facility, as well
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as the access door to the control room, are locked, thereby preventing
any unauthorized personnel from gaining entry. Communications during
exposure operations are made by telephone.

2.0 MEV FACILITY

Another example of high-energy equipment facility is the 2.0
MEV installation. (See Figure 3.) This building is 70 feet long X
30 feet wide X 32 feet high. All walls and the door are 3 feet, 6

inches thick. This facility is equipped with the access doors inter-
lock safety switoh.es, emergency shut-off switch in the exposure room
and four rotating red flasher lights located one on each side of the
building. The operation of the machine is controlled by a key switch.

COMBINATION HIGH- AND LOW-ENERGY FACILITY

A combination high- and low-energy installation consists of four
separate exposure rooms in one complex. (See Figure 4.) The equip-
ment used is one 1000 Curie Cobalt 60 source, two 400 KV x-ray
machines and one 300 KV x-ray machine. This installation is 116 feet
overall length X 33 feet wide X 35 feet high. Each exposure room has
3 feet thick solid concrete walls on all four sides. The access doors
are one foot thick solid concrete.

The remaining rooms have a two-foot thick target wall and the

remaining walls and access doors are one foot thick. All the x-ray
exposure rooms are equipped with safety switch interlocks on the

access doors and there are rotating red flashing lights located on

the outside of the building which are energized when the x-ray beam
is turned on. The 1000 Curie Co-60 exposure room is also equipped
with rotating red flashing lights. However, they must be operated
manually. Also, this installation has a bell alarm which is activated
by a step pad at the main access door to the exposure room.

TEMPORARY FACILITIES

Temporary areas are established when the component or part
cannot be physically moved to a permanent facility. The majority of

radiography performed in temporary areas is by isotopes (Co-60 and

IR-192) ,
primarily due to the portability characteristics of the

gamma-ray p roj e c to rs

.

The shielding for temporary areas are solid concrete slabs of

the following sizes:

1 foot thick X 10 feet wide X 10 feet high
1 foot thick X 4 feet wide X 5 feet high
6 inches thick X 7 feet wide X 10 feet high
3 feet thick X 4-1/2 feet high X 16 feet long
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All shields are portable and require an overhead crane for positioning
and locating. The component or part provides shielding from the
source due to the fact when using gamma sources, the source is
normally placed inside the component or part, thus reducing the radia-
tion intensity by the number of the half value thicknesses of the
steel. The guide tube shown in Figure 5 is used to position the
source inside the component or part. Also, collimators are used to
direct the beam to the area of interest. Standard collimators used
provide a range of from 20° to 60°. (See Figures 6 and 7.)

SAFETY PRECAUTIONS FOR RADIOGRAPHIC EQUIPMENT

All radiographic equipment used in our plant has safety features
to prevent tampering by unauthorized personnel. These features
consist of either padlocks or built-in key-type locks for gamma-ray
projectors and key-type electrical switches for x-ray machines.
Gamma-ray projectors not in use are stored in a special shield area
which is locked at all times

.

Source guide tubes are not permitted on Co-60 gamma-ray pro-
jectors which have a source strength greater than 150 Curies. These
sources are used with the built-in collimator at the exit port of
the projector or an auxiliary collimator which attaches to the exit
port of the projector. (See Figures 8 and 9.)

Most safety-related problems are associated with the gamma-ray
equipment. The most common problem is a source stuck in the guide
tube. Causes for this are too sharp of a radius of curvature or a

crimped source guide tube. Many times the source can be freely
cranked into the extreme end of the source guide tube but cannot be
retracted to the projector. The preventive maintenance and inspection
requirements recently imposed by the Atomic Energy Commission Title

10, Chapter 1, Part 34 of the Federal Regulations have significantly
reduced these problems. A suggestion to the gamma-ray equipment
manufacturers is that a fail-safe projector be devised that would
utilize a back-up system in the event a source cannot be retracted by
the remote cranking device.

PERSONNEL REQUIREMENTS AND ADMINISTRATION

A radiation safety training program has been established and in

effect at the Barberton plant of Babcock and Wilcox since 1969. This

program is under the direction of the nondestructive testing training

supervisor. The program consists of classroom and on-the-job in-

struction. Classroom instruction consists of the following:
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1. Fundamentals of radiation safety

a. Types and characteristics of radiation
b. Units of activity and radiation
c. Hazards and biological effects of exposure to radiation
d. Levels of radiation from licensed material and x-ray

machines
e. Methods of controlling radiation

2. Radiation Detection Instrumentation

a. Use of radiation survey instruments
b. Survey procedures and techniques
c. Use of personnel monitoring equipment

3. Radiographic Equipment

a. Remote handling equipment
b . Radiographic exposure devices

4. Regulations and Procedures

a. AEC rules and regulations
b. State rules and regulations
c. Company operating procedures for safe use of x-ray

machines and radioactive sources

On-the-job training consists of working with a qualified person
performing production operations. Instruction is given on operation
of the radiographic equipment and operating procedures. New employees
in the department are given 24 hours of classroom instruction, and
six weeks on-the-job training. At the conclusion of the instruction
period, a written and practical examination is administered.

Radiographers and radiographic assistants attend a radiation
safety session given by their immediate supervisor every three months.
This session consists of a review of the written operating procedures
for the safe use of radioactive sources and x-ray machines. As a

minimum, once a year or as changes dictate, all personnel in the

radiographic department attend an eight-hour refresher session on
radiation safety conducted by the NDT training supervisor. This

session includes a thorough discussion of any changes in the AEC or

state regulations and company operating procedures.

The radiation safety program requires numerous personnel to

administer the program. The total program is under the direction of

a division radiation safety officer since there are seven plants in

our division performing radiography. Each plant has a radiation
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safety officer and an assistant. In addition, when there is more
than one-shift operation, each shift supervisor is assigned specific
administration duties. In the event the safe operating procedures
and safety rules are violated, disciplinary action is taken.

In summary, the following items are applicable to the personnel
requirements of the radiation safety program:

1. Initial classroom training and instruction
2. On-the-job training with a qualified person and surveillance

by immediate supervisor
3. Three-month refresher courses
4. Yearly classroom refresher training
5. Administration

REGULATORY REQUIREMENTS

The regulatory requirements for the Barberton Works are governed
by the Atomic Energy Commission for radioactive isotopes and by the
State of Ohio for x-ray machines. As a constructive criticism re-
garding the AEC regulations, I personally feel and also believe the
industry would like to see the Federal Regulations revised to provide
a single document which incorporates all the requirements governing
industrial radiography. The multiplicity of many existing regulations
and revisions make it very difficult for those administering the
program to be knowledgeable and up to date. The language should be
written in a manner understandable to the radiographer or radiographic
assistants out in the shop or in the field.

FORECAST

With nuclear power now being utilized more extensively, additional
radiation hazards are encountered. The requirements for in-service
inspection of the pressure vessels presents hazards to non-radiographic
personnel such as ultrasonic, dye penetrant and magnetic particle
testing technicians. The hazards are primarily contamination and
ingestion plus increased potential radiation exposure. In this
respect, the industry will have to address itself to biological
radiation safety in the event shop personnel are assigned job duties
in the field conducting periodic inspections. This goes far beyond
just training of the individuals. Considerations should be given to

decontaminate components to the maximum extent practical, and

utilization of remote automatic positioning devices prior to permitting
NDT technicians to perform their tasks. To be effective, the radia-

tion safety program under such conditions must be a total program
and tinder the direction of a health physicist.
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SUMMARY

In conclusion, there has been significant improvements and
advancements regarding radiation safety during the last twenty years.
These advancements are attributed to the increased training and
knowledge of personnel at all levels of activity. The need to pro-
vide shielding protection to reduce the radiation to virtually non-
existence for the radiographer and non-radiation workers as well has
been recognized. In the future, it is anticipated we will see
additional improvements and advancements with regard to safer equip-
ment, radiation monitoring equipment and shielding materials.
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Figure 1
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MR. WILLIAMS (Navy Dept.): You alluded to fail-safe techniques
for a stuck source. What thinking is there along those lines?

MR. GRABER: I really don't have the answer as to what would consist
of a fail safe projector. I'm sure there have been many cases when a

source has been disconnected from the speedometer cable as we call it

in industry, or the drive tube. The source is completely disconnected,
and how do you get it back in? It presents a problem. I'm also sure
there are people in the audience, several of the people from Picker
Industrial, who have worked on these. Generally, it's a jerry-rig
procedure that is used to return the source and avoid any overexposure
to individuals. What I mean by a fail-safe projector is that some
back-up system would be included so that in the event the source
becomes disconnected from the drive cable, it could be retracted back
into the projector. When you're talking about a 150 curie source, it

is very hot to handle.

MR. WILLIAMS: It would really be more a safe recovery procedure.

MR. GRABER: Yes sir.

MR. ROBERT BARKER (AEC) : We recognize your comment about the

changes in rules . I would like to ask a question about your shielded
facility. You mentioned the thickness of the walls but you did not

mention the shielding thickness of the ceiling.

MR. GRABER: I don't have that data. As I recall, the shielding
in our 7-1/2 MEV facility—I assume that's what you're questioning
is about 8 inch thick solid concrete slabs which are tongue and

groove type construction.

MR. BARKER: So you get very little skyshine?

MR. GRABER: Yes. We surveyed the area for skyshine. Of course

we surveyed on the ground all around the facility. As a matter of

fact, there are residences, probably within 50 feet of the facility.

Our health physicist surveyed the area very thoroughly.

MR. ROBERT GALLAGHER (Applied Health Physics) : There have been

instances where maintenance men have gone on the roof of radiography

facilities and the facility becomes operational. Would you comment

on the procedure that you use to avoid these unfortunate incidences?
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MR. GRABER: All the access areas adjacent to our facilities
have the appropriate radiation signs. For example where there is a

ladder permanently attached to the building adjacent to the facility,
signs are posted. In addition, the purpose of the red lights is to
alert people that the source or the machine is being energized. We
also have signs at the top of the buildings which are clearly discernible
in the event people do come within the area of the facility. Where we
have a facility which is, tacked on to the shop, signs are posted on
the roof to warn the maintenance men. On the 7-1/2 MEV facility, there
are no provisions to get to the roof except from inside the building.
We have a permanent ladder attached inside the building but one can’t
go up on the roof.

MR. DICK: You mentioned that at your 7-1/2 MEV facility, where it
was solid concrete, surveys showed about 1.5 MR/hr. Those walls were
3-1/2 feet thick. Not being familiar with the Lincoln log construction
you also mentioned, for a similar thing, you were under 2 MR/hr. So

they seem compatible. What I’m just trying to imagine in my own mind
is about how thick is this construction of sand and concrete? It

seemed to be two or three times thicker.

MR. GRABER: Yes.

MR. DICK: What advantage does that offer?

MR. GRABER: Cost. Strictly for cost, because you’re not pouring
solid concrete. The concrete cribbing is much less expensive than

pouring solid concrete walls. The cribbing is put up and the space

in between filled with' sand. Possible someone might be interested
in knowing what this 7-1/2 MEy facility cost. The equipment, the

building, and all, cost approximately $900,000.
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INTRODUCTION

There has evolved over the years a method of inspecting girth
welds on cross-country pipelines involving the use of penetrating
radiation (both X and gamma ray) . With the great interest in the
past few years regarding radiation safety, it was inevitable this
method of inspection would be marked as a potential danger area due
to the unique application of standard safety measures. This paper
will deal primarily with X-radiation because the use of gamma ray
sources has been under close supervision and control by the A.E.C.
and states, and its use is well documented.

PIPELINE CONSTRUCTION -

Pipelines fall into three general categories — gathering,
transmission, and distribution. We will deal with transmission.
These lines are usually laid in areas of low population density, due
to the value of the land, higher lay rate, and the lesser requirements
for inspection. After the right-of-way is chosen, the first operation
is clearing a path, about fifty feet wide, of trees and other obstruc-
tions grading to allow passage of vehicles and ditched. Next pipe
is strung, bent to fit the contour of the ditch, and welded. These
welded lengths of pipe are called sections. A section of pipe may
be from 2 joints up to a mile, depending on obstruction along the

right-of-way. Obstructions such as rivers, roads, railroads, etc.,
are not crossed by the regular pipe gang. These are crossed by
special "tie-in crews". These crews take each crossing as an individual
project and dredge rivers, bore major roads, remove and replace most
small service roads.

This is the point that radiographic inspection comes into play.

One radiographic crew follows the main line welders. This is the

high production unit and another goes from tie-in to tie-in inspecting
the welds made at all crossings.

After inspection the pipe is cleaned, primed, doped, and wrapped,
laid in the ditch, and buried.
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Next is the clean-up crew. These men rebuild fences, replacing
temporary gates with permanent fencing, clean up and return the
area to the original condition, or as near as possible.

RADIOGRAPHIC INSPECTION -

Main Line

The radiographic crew following the main line welders use one
of two methods for making radiographs — internal and external.

Internal Radiography . On pipe large enough to place an X-ray
machine inside the pipe, 16" and up. A completed section is radio-
graphed in the following manner: A 360° panoramic X-ray machine
equipped with centering wheels and locating device is placed into
the pipe. This is attached to a tractor device (crawler) and the
complete assembly is attached to a power cable. This cable is about
3/8 of a mile long and is fed off the mobile X-ray truck. This
truck is positioned at the open end of the pipe and the radiographer
then stays at this position and with a control panel advances the
X-ray unit into the pipe stopping at each field weld and making the
exposure. The film holders are placed on the pipe ahead of the X-ray
unit by an assistant technician. These film holders (belts) are
70mm wide and long enough to completely cover the weld. After a

sufficient number of belts are in place to keep the radiographer
busy, the assistant returns to the open end and removes the exposed
belts. These are developed in the mobile dark room and interpreted
at that time to determine that the welds are within the code require-
ments . This is continued until the cable is extended to its maximum
length as one-half of the section is inspected. At this time the X-ray
assembly is reversed out of the pipe, everything is moved to the other
open end and the sequence is repeated.

External Radiography . On small diameter pipe, less than 16"

or on those jobs where the external method is required. This
requires multiple radiographs to be made on each weld, normally
four. In this instance, the X-ray truck is driven along the right-
of-way stopping at each weld, making the required exposures and moving
on to the next weld. This method, though considered by some to have
certain disadvantages, does allow for mobility in that the unit can

be moved from location to location on short notice; whereas with the

internal method, we are committed to the open end until the X-ray
assembly can be backed out of the pipe.

Tie-in

Tie-in radiography is basically the same as the main line

external method regardless of pipe size, as it is impossible to

place the X-ray unit on the inside of the pipe.
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A comparatively new inovation that is coming into use is an
X-ray assembly that has its own power supply, either battery or
gasoline engine. This application does away with the cable and its
disadvantages and allows the truck with darkroom to follow the
X-ray device along the right-of-way. This allows the darkroom to
be available a few joints behind the X-ray unit and as soon as welds
are radiographed, the film can be developed.

RADIATION PROTECTION -

Conventional radiation protection consists of the application
of time, distance, and shielding. Any one or combination of these
can be used to protect individuals from an overexposure to radiation.
These protections are available to the radiographic technician and
his assistant; with proper training and protective devices it is
possible to perform pipeline radiography in a safe manner.

Training . All radiographic technicians working on pipelines
are required to be certified to ASNT-TC-IA procedures. In general,
these require on-the-job training under a certified technician, 36
hours of classroom training, and passing grades on three examinations

—

GENERAL - PRACTICAL - SPECIFIC. This type of training develops
technicians who may not fit in well with the usual white-coated lab

technician. They are more than competent to perform pipeline radio-
graphy safely.

Safety Devices . The basic tool of the radiographer is the
survey meter; a device that indicates the presence of radiation.
This device is mandatory on all field units. It must be checked and
calibrated at least every three months and no radiography is performed
unless the unit is present and operatable. Every man has his own
personal pocket dosimeter and film badge. The dosimeter is a device
worn on the person that records the accumulated dose of radiation
over a given period. This period is daily. Each day at the beginning
of the work shift the dosimeter is set at zero. Any radiation
received during the day is charged to the wearer. The beauty of this

device is the man can look at the device at any time and know his

dose for that day. The maximum dose that can be recorded is 200 MR.

The standing rule is that if a man's dosimeter should reach or exceed
the maximum, he cannot work with radiation until it has been determined
his true dose. This is accomplished by his film badge. The film
badge unlike the dosimeter cannot be adjusted to remove any indicated
radiation and so is considered the true indication of the dose received

over a period of time; usually 30 days. In those instances where an

overexposure is suspected, the film badge is processed immediately
and the individual cannot work with radiation until the results are

known. The results of the film badge readings are a part of the

man's permanent dose and is a part of his records as long as he is

employed using penetrating radiation and is passed from employer to

employer.
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Main Line Protection . By the very nature of main line radiography,
radiation protection is simplified. The remote location solves the
problem of unauthorized personnel walking into the area. The fifty-
foot right-of-way is under the constant surveillance of the technician
and/or assistant. The production of X-rays are terminated in the
event someone comes into the radiation area. As to the protection
of the radiographic personnel, the technician, when at his operating
station, is no closer than one joint of pipe when using the cable-
operated crawler. This may be from 40 to 75 feet. When the first
weld is radiographed, the technician is protected by time (exposures
of less than one minute) , distance (40 to 75 feet) and shielding
(pipewall) . It is considered an extremely safe working location
and an overexposure is almost impossible. As to the assistant technician,
he is working from 6 to 8 joints from the X-ray machine performing
his duties of putting the film holders on and removing them from
the pipe. Keep in mind the X-ray assembly is quite noisy going through
the pipe, and it is no problem at all to know at any given time where
the radiographic equipment is and if X-rays are being emitted. To

receive anything close to a serious overexposure would require an
individual to place his body over a weld being examined and to move
to the next weld for another exposure, requiring perfect timimg, no
hearing, and invisability so as not to be detected by the radiographic
crew. The operation of a remote-controlled unit requires a little
more caution by the radiographic crew. The men and equipment must
remain at least one joint from the X-ray device during exposure. This
is no great problem because of the noise of the X-ray unit and the
readings of the survey meter. In the off chance the truck and personnel
receive an overexposure, this information is quite evident when all
the film in the darkroom is exposed.

External and Tie-In Protection . The same basic principles apply
when making external and tie-in exposures, but a little different
application is called for. When making these exposures the truck
and crew are about one joint from the X-ray machine. The X-ray
head is not completely shielded, but does have a shielded end. This
"cold" area is pointed toward the workers. A survey meter is

observed during exposure and constant surveillance is utilized.

The question may be asked, what if a man was to approach or even
pick up an X-ray machine while it is operating. This is almost
impossible. The power supplied in the field is from a portable
generator. This device is a good indicator of X-ray emission. When
no X-rays are being generated, the unit runs at a constant coasting
speed. If generating X-rays the generator is under load and anyone

with any experience at all knows a loaded generator is powering the

X-ray unit.
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For almost twenty years pipeline radiography has been performed
in the United States, personnel safety has always been of utmost
importance. Due to the nature of the work to be done, certain
liberties have been taken that would seem to make us a strange and
maybe retarded group to the average lab technician, but many, many
thousands of miles of pipeline has been inspected, many thousands of
welds that might have caused untold damage and loss of life have been
removed from pipelines. The cost has been extremely low. Over-
exposures to RT personnel are rare, and these overexposures are
investigated and used by employers to change or modify company regu-
lations. The general public and certain regulatory bodies have just
now, it seems, recognized the dangers of penetrating radiation. We
in the pipeline industry have recognized it for years, and have learned
to deal with it. Our safety record is one to be copied, not criticized.
We have a safety record that will stand as a pattern for industry in
general.
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DISCUSSION FOLLOWING MR. GAMBLES PRESENTATION

JOHN WEILER (Essex Corporation) : On your pipeline radiography
right-of-way, are you not posting radiation areas at all? Is there
no posting, some posting, or a limited amount of posting?

MR. GAMBLE: Good question. With an isotope yes, we do post.
With an isotope on the right-of-way, the posting, is a problem. That
is another reason that we don’t particularly like isotopes on the
right-of-way. With an x-ray machine, we have a high radiation area
posted at the truck. There is a sign that can be seen on the
vehicle—quite a large sign—that says "Caution—High Radiation Area."
If there is any danger of traffic up and down the right-of-way, we
post the right-of-way at the front and back. If you know how
right-of-ways work, the right-of-way is 50 foot wide, and there’s a

farmer with a shotgun on both sides . The chances of someone walking
in from either direction, other than up and down the right-of-way, is

remote, and the area can be monitored. The man can use constant
surveillance, so we normally post a high radiation area and then put
a radiation area sign ahead of the assistant technician who is working
the machine and one sign behind the truck. This is all that we are
required to do under our AEC license with the isotope, and it does
work

.

MR. WEILER: You look at it in two different ways—x-ray
radiography is safe without posting, whereas isotope radiography
isn't. So you have two different rules.

MR. GAMBLE: Basically yes. I will be perfectly honest with you,
I don’t like to lead you astray. We are not as critical with our
x-ray machine as we are with the gamma rays, for an important reason.
Inside that pipeline there is an x-ray machine that’s on for only
45 seconds, let's say. This only occurs about every 45 seconds to
1 minute. The position of the x-ray machine is well known to everyone
around. It can be heard moving through the pipe. There is no question
where it’s at, and no question of when it’s on. When it's travelling
it's off. When it stops, it's possibly on. So we have a moving
radiation area, and it’s a little difficult for people who are used
to working in one location to understand. Actually, for a person
to receive an overexposure, I would say he would have to approach
the pipe, sit on the wall, hop off, run 40 feet, sit again, and
continue this to receive an appreciable exposure because our exposures
are changing areas constantly. We use this to our advantage.

MR. WEILER: If I may point out one thing here. Your x-ray
problem and isotope problem is exactly the same. With the isotope
problem, the source is out the same amount of time, so you have the
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exact same problem really. As far as the people in the area are
concerned, sure it's easy to say that they know there is a radiation
area without posting, but I just don’t believe it. But remember,
as you pointed out, you're coming along with a doping crew behind
you and a welding crew. These are the same people that travel with
the x-ray group or the radiography group. These same people then,
almost end up being occupationally exposed personnel. I would
almost want to make a bet that if you did put a film monitor on the
welding crew and on the doping crew, that you would exceed the 500 MR
annual permissible level for non-occupationally exposed personnel.

MR. GAMBLE: Well I have to disagree of course. Because the
dope gang is not in the same section. Normally they're outside to
the rear, and we stay behind the welders. That's the secret. Time,
distance, and shielding. We use distance primarily.

MR. LEE IFLANT (Genco X-ray Shielding): I'm not familiar with
right-of-ways, but have you run into any problems with regard to
livestock around the area that you are running your pipelines and
performing radiography?

MR. GAMBLE: No, I don't know that we've had any problems that
way. We see the livestock, but it is normally fenced and cannot
move from one area to another.

MR. JERSILD (Stone & Webster): You made a comment that technicians
who are operating the machines tend to take everything automatically.
Doesn't this tend to make more of a human error element? With their
survey meter on the truck, it doesn't help if they're behind the machine
and something happens.

MR. GAMBLE: Well, it's virtually impossible. If you can explain
to me how an x-ray machine can emit radiation without electricity, I

will agree with you there. The survey meter is there and we can monitor
when the machine goes off. His control panel has a three way interlock.
When the timer goes off it is necessary to go through a series of

operations to turn the machine back on. He must reset his timer, reset

his powerstat or his automatic transformer, flip a switch, and then

physically turn the knob up to a preset location. This occupies only
about a second or two for a trained technician, but it's virtually
impossible for someone to come out of the boondocks, sneak up on

the truck, wait until the technicians back is turned, and then figure

out to do it, in the very few minutes it takes to change the film.

We work on a little different philosophy—well I do personally,
the company will not take any credit for this. It's my opinion that

most major doses of harmful radiation occur when people put too much

dependence on automatic systems. There may be a triple 3-way interlock

to assist them. The person has complete confidence in it. One interlock
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will be removed because it's malf untioning, the second might fail, and
the third one does fail. The operator goes in and never really checks
because he has confidence that the area is safe because of the inter-
lock system. We work on the loaded gun theory—when you see it, assume
that it is dangerous, and survey. This is all I can say in a short
period of time.

GERALD KARCHES (NIOSH)
;

I’d like to get an idea of the exposure
levels. What kind of exposures can the personnel receive—the highest
level?

MR. GAMBLE: I can’t give you the actual high figures. In general.
I’ll say that any man who receives anywhere near 100 milliroentgens
in one week, is thought of as working extremely unsafely. A man who
receives over 100 is looked at by our radiation safety department.
This has only happened one time and corrective action was taken.
If a man works and keeps his radiation level way below what the AEC
requires for isotopes, we do not get excited over 5 or 10 MR in a

work period, if this is not every day. We would look at the man
who received 15 or 20 MR a day constantly. These records are monitored,
and we watch these and compare them to film badge readings. I can not,
with any honesty, tell you that we can hold down to 1 MR per day. I

have never seen a device that will register 1 MR, be it a film badge
or dosimeter. We can't afford them if they are available. We try to

keep within five. That’s the reason we give a man five automatically.
If he works with an x-ray machine, he's automatically got five MR for

that work period.
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RADIATION SAFETY WITH ISOTOPES

Hoamj V. Hicha/idAcm

Wu.ci.eaA Science CzntoJi

Loautana Statu Univ&AAtty
Eaton Rouge, La.

In the animal kingdom, pedigree is determined by the genealogical
tree or a record of the animal's progenitors. Strains of dubious
origin have a demeaning title - halfbreed. If one tries to determine
the pedigree of radiation safety technician or the one who works with
radiation experiements , there will be a difficult task to trace the
genealogy or strictly define his progenitors.

In any kind of work, first, the individual must be scientifically
qualified. Second, know the required technology, and, third, have
the manual skills to perform the manipulations of devices to attain
the desired results. But that is not enough if radiation is involved.
The radiation worker must also be knowledgeable with, fluently con-
versant with, experienced in, and able to apply, on a practical basis,
the appropriate radiation protection procedures to prevent injury to

himself and assure there is no excessive exposure to other human beings
or animals in the area. In some cases there is also a potential property
damage. With these considerations, personnel working with radiation
have a pedigree that is at least a double breed or possibly a multi-breed.
There is certainly nothing demeaning in this pedigree because the

successful and competent radiation workers must have knowledge and
competence beyond his counterpart performing similar tasks which have
no radiations involved.

The radiation hazards can be described in terms that are disarmingly
simple to the uninitiated. First, the external dose us ually relates
to the whole body. (Some cases occur in which the body extremities
could receive higher doses). Radiations are emitted from sealed sources
so no dispersions of radioactive materials are involved. Adequate
safety measures can be provided by properly designed procedures and

devices using time, distance, and shielding factors. Second, internal
dose relates to portions of the body or possibly the entire body that
might receive radiation exposure as a consequence of radioactive
materials being introduced into the body. Isotopes may enter a body
through any of the natural openings or absorption through the skin
in some cases. Potential damage to the body would be related to

characteristics of the isotope such as decay energy, physical half-life,

biological half-life, site deposited into the body, chemical form, etc.

An obvious safety measure is to prevent the nuclear material from

entering the body. A third potential radiation hazard that does not
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seem to have been adequately discussed could result from neutron exposures
to the body. This would primarily be classified as an external exposure.
An attendant secondary hazard might occur as a result of products being
activated within the body during the exposure to neutrons. Even though
the neutron exposure were confined to a small portion of the body,
activation products could reach the entire body via the circulatory
system. A thorough knowledge and much practical experience are required
to properly devise and apply adequate radiation safety measures.

An interesting experience is to work with a University faculty
devising curricula which provide academic programs for the students
preparing to work in radiation fields. If the program is overbalanced
with nuclear technology, the student has little potential to do any-
thing except become a teacher of nuclear technology. A more reasonable
approach is to teach the student basic sciences and technologies leading
to successful performance of some established field of endeavor, e.g.
chemistry, physics, biology, engineering, agronomy, etc.

The nuclear science and technology can the be dove-tailed into
and added on to supplement the primary goal. Ability to effectively
handle radiation sources and devices provides an invaluable resource
to any worker whether he a chemist, biologist, engineer, or any other
field where radiation effects or measurements may be involved.

Education for the radiation worker takes many forms. A university
will certainly provide academic opportunities from the beginning
freshman through post-doctoral research. Continuing education programs
reach out to all types of persons needing almost every imaginable type
of training. For most radiation applications the prosaic academic
approach is usually adequate. However, there seems to be a particular
difficulty in providing training for a certain type of blue collar
personnel, isotope radiography technicians, who are required to use
high intensity gamma sources. A prime consideration is to review
how his working situation differs from other radiation workers. In

most radiation experiments the nuclear technician is highly qualified
with academic training directed to his specific task. His work will
be done in specially designed facilities. Many of his experiments will
require very small quantities (microcuries, micrograms, etc.) of

radioactive materials. If large quantities of materials are required
there will be elaborate shielded and remote controlled systems available.

The working area will have limited access to other personnel. Production
rates will probably not be a factor. Now consider the radiographer.
First, this type of work is usually done by persons having less formal

education. Second, his work cannot be done except with very high

intensity, high energy, gamma emitters. Third, the work is most often

done in areas that must be changed or moved in accord with production
requirements. Fourth, production requirements can be severe, demanding
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high performance rates from the radiography technician. These conditions
have led to more unfortunate radiation overexposures to personnel than
all other types of radiation applications

.

This writer is most sympathetic to the plight of the radiographer
and feels he is entitled to every management consideration to provide
training and facilities to accommodate his needs to perform safely.

It must also be stated that the radiographers, while experiencing
overexposures to a few individuals, have admirably and safely performed
millions of man-hours of work under the most adverse conditions. They
deserve attention and assistance for improvements rather than disdain
and derision often expressed when some untoward event occurs.

Communication is always a problem and, as a teacher, I am always
interested in misinterpretations. An example - Last weekend a group
was in a boat near the mouth of the Mississippi River tied to an oil
platform preparing for SCUBA diving. A man on the platform hollered
"Hey, there were some divers out here yesterday got eight". This was
a first Gulf deep dive for one young sophomore on the boat and with
fear in his voice asked, "What ate them." When the laughter ended
the reply was, "No, they got eight octupus." This is an obvious
breakdown in communications. Imagine the communication problem for
the normally experienced and competent laboratory or factory workers
when the radiation technician uses such words as tolerance dose, body
burden, biological effect, half-life, biological half-life, film badge,
radiation area, high radiation area, rem, rad, et. al. Image the
feelings communicated to the uninitated worker when the radiation safety
technician cautiously moves around an area holding in front of him a

"box" having numerous knobs, a nervous needle, erratic flashing light,
and emitting sinister sounds — while continuously making sketches and
tabulating columns of unexplained data from measurements he can neither
see, hear, taste, feel, or smell around equipment whose inner workings
are unknown because radiation shielding obscures any observations.
There is a_ real communications problem . To be effective in shop and

field conditions the radiation worker must be able to relate to his
fellow workers, verbally and in written form, on all educational,
experience, and competence levels from blue collar to top management.

Nuclear industries have attained an enviable safety record. Even
though the record is not perfect it compares very favorably with any

other group.

In all radiation safety considerations there are people involved.

For all the various reasons that psychologists have reported people

will sometimes make mistakes and this must be remembered when structuring
safety programs. All of Parkinson's laws and the Peter Principle will
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prevail. In performance terms we are often inclined to berate persons -

BUT it must be observed there is no resource that can completely replace
people. They will continue to be a part of radiation safety programs-
individually and collectively contributing to desirable accomplishments
and occasionally making errors that might lead to undesirable, even
tragic, situations. There must be continuous striving for perfection
in radiation safety while maintaining a proper balance between risk

versus benefit.
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DISCUSSION FOLLOWING MR. RICHARDSON'S PRESENTATION

MR. WEILER (Essex Corporation): Mr. Richardson, would you tend
to believe, after making the statements concerning the educational
level of the industrial radiography people, that it may be to the
advantage of the entire industry, plus the general public, if
industrial radiographers were certified by some government agency,
both from the quality standpoint and their radiation safety quality?
An example would be the FAA pilot certification.

MR. RICHARDSON: This is a serious problem. It does seem reasonable
to me that the human being, the specific human being that is not safety
conscious, or is violating safety programs that have been laid out for
him, ought to have some kind of a responsibility in addition to the
responsibility that his company has to assume. I don't know if I can
unequivocably say that yes, a government agency should certify. I'm
completely convinced that there needs to be something to get some
responsibility on behalf of an individual technician, so that he is

aware of his responsibility. He has to take some of the knocks when
damage of overexposure occurs.

MR. BERK (Frankford Arsenal) : With the recent development of

califomium-252 in neutron radiography equipment, can you give us some
information on the type of exposure one could expect from this, and
what type of survey instrument you use to measure radiation from these
califomium-252 neutron sources?

MR. RICHARDSON: I'm sorry I can't remember the name of the survey
meter. Now on the question of exposures, unfortunately, at the present
time these exposures are rather long. The big problem, of course, is

trying to get the exposure devices and the shielding devices down to

the point that they could be moved. John Cason, working at Hanford,
started on this problem about four years ago. The shielding they were
using was a block of Benelex which was approximately a 4 foot cube.

Working with AEC programs, he reduced this down to approximately a

spherical shape, 22 inches in diameter, weighing about 120 pounds.
Recently he designed some other devices that are about 3 feet in
diameter by 3 or 3-1/2 feet high—a cylindrical shape. You can't
say those are portable, but they are transportable. The shielding
in them is water expanded polyethylene. They're actually not as

heavy as a cobalt exposure device.

MR. BERK: When you sell these machines, are you expecting the

buyer to have such portable equipment available to measure the
exposure? Do you expect them to have this type of survey instrument
available to measure the dose that one would get?
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MR. RICHARDSON: I would think that the radiation safety program
within which the individual is working would demand that they have
it. You're with Frankford Arsenal so you don't get involved with the

regulatory agencies like the rest of us folks. But I would guess that
you would have a radiation hierarchy that would probably look to see

that you do have the proper survey meters as well as the proper film
badges and dosimeters that are neutron sensitive.

MR. BERK: What type of dose would one expect from the use of

this machine?

MR. RICHARDSON: It's relatively small, say compared to 100 curies

of iridium.

MR. BERK: Do you have this equipment available right now?

0
MR. RICHARDSON: Yes. The emission rate is 2.5 x 10 neutrons

per second per microgram. My personal feeling is that it's going

to require sources larger than one milligram. We're making one

now that is 3 milligrams

.
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RADIATION SAFETY FOR GAGE INSTALLATIONS

H. L. Cook, Jti.

The. OhmaAt Co tiporation
Cincinnati, Ohio

A gage is defined as any device designed and manufactured for
the purpose of detecting, measuring, gaging or controlling thickness,
density, level or interface location.

This paper will consider on-line process gages and will not
attempt to cover laboratory uses.

Before considering radiation safety, a more detailed explanation
of gages, and their uses, will be given.

A typical density gage is shown in Figure 1. It consists of
a radioactive source in a shielding source holder, a radiation detector
in a protective housing and a mounting bracket to position the
source holder and detector housing on the process pipe or vessel.
Figure 1 shows a density gage mounted on a round process pipe, but
there are many gages installed on process vessels. These gages are
used in many industries - chemical, petroleum, mining, cement, pulp
and paper, cement and food processing are just a few examples.
Radioactive sources used are usually the gamma radiation from Cs-137,
Co-60 and Am-241.

Level gages are available in a variety of forms. Figure 2 shows
several variations of level gages. All of them, like the density gage,
consist of a radioactive source and a radiation detector in a pro-
tective housing. However, unlike the density gage, the source may be
placed in a source tube projecting inside of the vessel, instead of

being housed in a source holder. A level gage used to measure level
in an iron ore bin is shown in Figure 3. Only the source side of the

gage is shown. In this installation, the source is mounted in a source
holder. Level gages, like density gages, are used throughout industry.
Again, the radioactive sources used are usually Cs-137, Co-60 and
Am-241.

Another form of gage is used to weigh material on a moving belt.

Figure 4 shows a gage used to weigh wood chips. The source is in the

form of an elongated strip located under the conveyor. The detector,

also in the form of an elongated strip, is located above the conveyor.

Both are housed in protective tubes which take the form of a C-frame

which mounts around the conveyor belt. These gages contain radioactive

source of either Cs-137 or Am-241.
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Still another type of gage are those using beta radiation sources
to measure the weight/area of moving webs of material. Figure 5

shows a C-frame gage measuring a plastic film and Figure 6 shows an
0-frame gage measuring a paper product. Again the source is mounted
in a source holder—usually located under the moving web. The detector
is mounted in a protective housing usually located above the web.
The most frequently used radioactive sources used are Sr-90 and Kr-85.

The two radiation safety problems associated with all of these
gages are ingestion of the radioactive material and over-exposure to

either the beta or gama radiation.

The ingestion hazard is controlled by the design and construction
of the capsule containing the radioactive material and by the protection
provided by the source holder - or source mounting tube in some level
gages. All modern sources are doubly encapsulated and the vast
majority use welded closures. In addition most capsules are constructed
of an inert material such as stainless steel. Of course, the source
holder in which the source is usually mounted provides a great deal
of protection. It acts as a cushion for impact or explosion; it

partially acts as a seal against corrosive chemicals; it serves as a

heat sink in a fire which is not too long in duration. A sectional
view of source holder for a typical density gage is shown in Figure 7.

Of the tens of thousands of industrial gages in use during the past

25 years only a handful have shown any leakage of the radioactive
material to the environment. This includes sources subjected to fire,

explosion, immersion in water and chemicals, and severe impact.

This body of knowledge about prevention of leakage of radioactive
material from the source capsule was incorporated in an ANSI standard
in 1968. The title of the document is "Classification of Sealed
Radioactive Sources". 2 The standard classifies sources by their
performance in five categories - temperature, external pressure,
impact, vibration and puncture. Figure 8 shows this classification
scheme. Note that all conditions of normal industrial use are covered.

For simplicity of use, another table in the standard recommends the

severity of the tests for various uses. Figure 9 shows the class

numbers that apply to typical uses. There are other features of

the standard that cover radiotoxicity, Teachability of the chemical
form of the radioactive material and maximum activity of the source.

Overexposure to radiation is controlled by design of the device

and the method in which it is used.

Density gages mounted on pipes are inherently safe. Once they

are mounted in position there is no easy way to place the body in a

radiation field much greater than 5 MR/HR. All density gages mounted

on a pipe have an OFF-ON shutter mechanism which allows the useful
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beam to be greatly attenuated when desired. These gages are shipped
from the manufacturer with the shutter locked in the OFF position.
They are then handled and installed with the shutter OFF. Only after
installation on the pipe by a competent person is the shutter allowed
to be turned to the ON position. Most density gages are designed for
a radiation field not exceeding 5 MR/HR at 12 inches from the surface
of the gage. Even though this exposure rate is quite low, gage
manufacturers are very careful about the placement or location of a

gage in relation to personnel working the the gage area. For example,
it is not recommended that a gage be mounted near a work station where
a person would be continuously present. In actual practice, gages
are almost invariable mounted in process areas where the personnel
occupancy factor is quite low. In fact, in most installations it is

not necessary to use personnel monitoring because personnel are not

apt to receive more than 25% of the maximum permissible dose.

Beta gages are, in general, in the same category as density
gages - they are inherently safe. They, too, have OFF-On shutters
and are, usually, designed to have a maximum radiation field intensity
of 5 MR/HR at 12 inches from the surface of the gage. Beta gages

have an additional safety advantage in that, during use, they are

positioned out on the process web and are, therefore, inaccessible.

Belt weighing scales have most of the inherent safety features

of density and beta gages. They have OFF-ON shutters; they are

mounted on a continuous process so that they are inaccessible during

normal use; and the personnel occupancy factor is low. However, they

are somewhat more hazardous because of the large throat opening or

spacing between the source and detector. Thus, personnel could be

exposed to the direct measuring beam when the conveyor is stopped

and the shutter is ON. Even so, the hazard is minimal because the

source strength is only about 30 me of Cs-137 with a resultant beam

intensity of about 100 MR/HR near the surface of the source tube.

Radiation safety practice dictates that a particular person be

responsible for the gage and that the shutter is turned to the OFF

position when personnel work near the gage when the conveyor is stopped.

Level gages can be made as safe as density, beta and belt weigh

gages by proper design. Level gages used on small vessels are very

similar to density gages and present no serious design problems.

Gages used on large vessels, however, must be carefully designed and

used. In many installations the sources have fairly high activity - up

to several curies of Cs-137 or several hundred millicuries of Co-60.

These activities are necessary because of the great distance between

the source and detector — up to 20 feet or more — and in some cases

the thickness of the steel wall of the vessel - up to 3 or 4 inches

for high pressure vessels. Most level gages use sources contained

in a source holder equipped with a shutter so that the radiation can
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be attenuated during installation. But some gages require that the
source be mounted in a pipe or tube projecting into the vessel.
Thus, a careful installation procedure, done by experienced personnel,
is required. A survey meter and personnel dosimeters are mandatory
during the source installation procedure. After the source is installed,
whether it be in a source holder or in a pipe, careful consideration
must be given to the accessibility, by personnel, to the inside of
the vessel because the radiation field inside of the vessel adjacent
to the source can be quite high - in some cases several hundred MR/HR.
The problem of accessibility is controlled by locking all man-ways and
entry ports and entrusting the key to a specific person who is responsible
for radiation safety.

Industrial radioisotope gages are, undoubtedly, one of the safest
uses of radioactivity. This is the result of careful design and

application by the manufacturer, knowledgeable regulations by the
AEC and Agreement States, and intelligent use by industry.

^Code of Federal Regulation Title 10 Part 31.5

9
Classification of Sealed Radioactive Sources USASI N5. 10-1968

American National Standards Institute, 1430 Broadway, New York, New
York 10018



185

Figure 1. Typical density gage

APPLICATION OF OHMART NUCLEAR LEVEL GAGING SYSTEM

ON-OFF Measurement

Figure 2. Variations of
level gages
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Figure 3. Source holder on iron
ore bin

Figure 4. Belt scale on wood chips



187

Figure 5. Beta gage on plastic film

Figure 6. Beta gage on paper product
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Figure 7. Source holder for typical
density gage

TEST/ CLASS 1 2 3 4 5 6 X

Temperature No test 0° to 80° C. -57° to 180° C

.

-57° to 595° C

.

and
thermal shock-

595
0

to 15° C.

-57° to 927° C.
and

thermal shock-
927 0

to 15° C.

-57° to 1010° C.
and

thermal shock
1010° to 15° C

.

Special

External
pressure

No test 3.4 lb./sq.

in.abs. to

atmosphere

3.4 to 300 lb./

sq . in abs

.

3.4 to 1,00°

lb./ sq.in. abs

.

3.4 to 10,000

lb
. / sq . in . abs

.

0 to 25, 000

lb
. / sq . in . abs

Special

Impact No test Free fall to

steel plate

from 5 ft.

Repeat ten

times.

Free fall to steel

plate from 10 ft.

Repeat ten times

.

Drop 20 lb. onto

source from
5 ft.

Drop 201b. onto

source from
10 ft.

Special

Vibration No test 30 min. ,
25-

500 cycles/

sec. at 5 G
peak ampli-
tude.

30 min. , 25-50

cycles/ sec. at

5 G peak ampli-
tude

and
50-90 cycles/
sec. at 0. 025-

inch amplitude
peak-to peak

and
90-500 cycles/
sec. at 10 G.

90 min. ,
25-

100 cycles/sec.
at 0. 06-in.

amplitude,
peak-to-peak

and
100 to 2, 000

cycles /sec. at

30 G.

Special

Puncture No test Drop source
3 ft. onto a

1/8 -in. diam.
pin.

Drop source 6 ft.

onto a 1/ 8-in.

diam. pin.

Drop source
10 ft. onto a

1/ 8-in. diam

.

pin.

Drop source
15 ft. onto a

1/8 -in. diam.
pin.

Special

Figure 8. ANSI classification for sealed sources
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DISCUSSION FOLLOWING MR. COOK'S PRESENTATION

MR. BERK (Frankford Arsenal): I have two questions. One - this
value which you selected of 5 MR per hour at 12 inches from the source,
is this just an arbitrary value, or was this based on the maximum
permissible dose, or what?

MR. COOK: It's a value that has resulted from years of experience,
and is an official AEC value at the present time. It's a value that
must be adhered to in order to distribute devices to general licensees.

MR. BERK: The second question I have is, can you give us some
information on your experiences with americium- 2 41? Do you have any
problems with the recoil atoms when the alpha particles are emitted,
which tend to leak on the surface?

MR. COOK: No, we have not had any problems with this. This is a

matter of design of the source capsule.

MR. BERK: When you leak tested these devices, did you find any
leakage at all?

MR. COOK: We have not so far. And we’ve been using americium
since it became available at a reasonable price some 7 or 8 years ago.

C. M. WEST (Union Carbide Corporation): Would you give the number
of the ANSI Standard please?

MR. COOK: Yes, it’s referenced in the paper. The title is

"Classification of Sealed Radioactive Sources." Actually this was
written before the name ANSI became official. It was back when it

was called USASI, and so this is USASI 5.10 -1968.

MR. WEST: Are you able to buy sources from source manufacturers
which meet these standards at this time?

MR. COOK: Yes, we are.

MR. RIVKIN (Health Physics Associates) : About what percentage of

your gages go to general licensees, and what percentage require special
licensees in order to install them?

MR. COOK: I would guess 70% general licensees and 30% specific
licensees. This is peculiar to our company, however, and you have to

break it down to a product line. Perhaps 95% of density gages go to

general licensees; perhaps 50% of level gages go to general licensees.
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Beta gages again would be quite high - 90 to 95% general licensees.
Belt scales are almost all specific license devices. Perhaps 90% of

them. We have several variations that can be shipped to general licensees.

MR. ROBERT GALLAGHER (Applied Health Physics) : On the requirements
for leak testing sealed sources, is it your practice to get special
permission to avoid the six month leak testing for beta sources and

three months for alpha? What is the present status of the requirements
for leak testing?

MR. COOK: The current status is that in general we apply for

the three year exemption, or exemption from the six month leak testing,
to go to the three year leak testing on most gamma sources— the hard
gamma sources, cesium and cobalt, and most beta sources. Usually on

americium we will stay with the recommended period.
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SAFE RADIATION PRACTICES IN TIRE INSPECTION

UauAy Beebe
Ast/ionaeleaJi Laboaotoay

Westinghouse Electric Company
Pitts buAgh, Pennsylvania

I. INTRODUCTION

Over the years since the discovery of x-rays there have been many
uses to which these penetrating rays have been adapted. Foremost,
of course, has been their almost universal utilization in medical
diagnostics. Using photographic film and later florescent screens
and film, radiologists have advanced this facet of the x-ray field
to a high degree of sophistication and have contributed greatly to

the better well being of people everywhere.

Less spectacular, perhaps, but also of great importance to man-
kind, has been the use of x-rays in various industrial inspection
procedures, some of which have been discussed by others in this
meeting. These inspection procedures also have utilized photographic
and fluoroscopic techniques. Our previous speaker has spoken of the

inspection of parcels for contraband using radiation. This same
technique was used during and just after World War II to inspect
lunch boxes and other packages of defense workers leaving factories.
The only trouble there was that they often failed to separate the

people from the packages so that some pretty hefty exposures were
received. Almost everyone has heard of the notorious shoe-foot
fluoroscopes which were so mis-used they have been outlawed. In

Chicago in the early 1950's an enterprising "girlie show" operator
invited customers to bring their cameras and take pictures of the

strippers. He then "zapped" everyone with x-rays at the exit from

the place, thereby ruining their "cutie shots" and giving them a

sizeable radiation exposure into the bargain. Thus we see almost

no limit to the practical use of radiation.

II. BRIEF HISTORY OF TIRE X-RAY INSPECTION

Sometime in the late 1940 's when rubber vehicle tires started
to improve (some may disagree with this) x-rays were used to show

the positions of beads and cords within the tire without ruining

the tire. Thus, it appeared that it would at last be possible to

inspect every tire in a non-destructive way. Use of radiographic

film proved too time consuming—in fact often taking longer than the

time required to make a tire. The introduction of fluoroscopy

into tire inspection made the time consumption much less but greatly

increased the danger of radiation exposure. Here was an inspection
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tool with great potential but which had serious drawbacks from
personnel safety and cost standpoints. The tire industry continued
its search for a scheme which would allow non-destructive inspection
of tires on a mass basis.

Almost coincidentally with the perfection of closed circuit
televisions (CCTV) came a significant breakthrough in x-ray image
intensification; making it possible to brighten the picture on a

fluorescent screen by a factor of perhaps 2,000 to 10,000. Here was
a chance to use CCTV to look at a bright fluoroscopic picture of a rubber
tire and at the same time get the operator out of the x-ray beam.

III. DESCRIPTION OF TYPICAL TIRE INSPECTION SYSTEM

There are two main parts of a tire inspection system using image
intensification and CCTV. These I choose to call Tire Related
Equipment and Operator Related Equipment. Tire Related Equipment
consists primarily of 1) A mechanism whereby the tire can be mounted,
spread and rotated, (figures 1 & 2) 2) A mechanism whereby an x-ray
tube can be positioned within the tire and (figure 3) 3) An image
screen with intensifier whereby a TV camera can look at pictures
on the screen (figures 4, 5, and 6). Operator Related Equipment
consists of a console with 1) A CCTV monitor; 2) Controls for tire

movement; 3) Controls for x-ray movement and adjustment; 4) Controls
for image intensity and definition; 5) Controls for TV position adjustment
and the usual TV controls (figure 7). Tire Related Equipment and
Operator Related Equipment may be as far from each other as circumstances
require and practicality permits.

IV. INSTALLATION IN A TYPICAL NORMAL FACTORY ENVIRONMENT

In order to minimize radiation exposure to both operator and
other personnel in a normal tire factory location and to permit
unrestricted movement outside the actual tire inspection area,
Westinghouse has chosen to place Tire Related Equipment within
enclosures called Exempt Protective Installations as described in

National Bureau of Standards Handbook 93, "Safety Standard for

Non-Medical x-ray and Sealed Gamma Ray Sources." Operated Related
Equipment is outside the enclosure. Exempt Protective Installations
must utilize sufficient shielding to reduce outside radiation exposure
levels to 0.5 mR per hour or less. Electrical interlocks shut off

the x-rays if any door into the enclosure is opened. In tire x-ray
inspection tube voltages of from 15 KVP to perhaps 150 KVP are used

so that shielding costs are not high. Lead thicknesses used vary
from 1/32" to 1/4". Most of the installations are lead-plywood rooms

on the factory floor (figure 8) but two Westinghouse units have been installed
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in pits to permit large tires to be lowered into place with hoists.
These installations have shielding doors which slide over the pits
(figures 9, 10, 11, 12). Operators and other personnel therefore
have essentially no exposure to radiation.

V. RADIATION SURVEYS AND PERSONNEL MONITORING

The only surveys normally needed for an Exempt Protective
Installation are those made to ensure the shielding integrity, that
is, to look for leaks. These should be repeated periodically and
whenever it is suspected that shielding may have been damaged. For
the energies of x-rays used in tire inspection, survey meters such
as Vitoreen 440, 440S or 444S or equivalent are used as they have
an even response over a wide energy range including the low end.

During adjustment of the image intensification system, it is

necessary for service personnel to be within the shielding enclosure
with the x-rays on at low intensity. This procedure requires tight
control with a radiation survey completed before the adjustment.
Lead aprons are worn by service personnel during the operation.
Because of the delicate nature of the adjustment and because of the
possibility of radiation exposure, we recommend that only qualified
service personnel perform adjustment of the image intensification
system.

Personnel monitoring equipment needed for tire x-ray inspection
are film badges or pencil dosimeters and finger badges for service
personnel. Normal operation does not require finger badges. We
are presently examining the feasibility of using thermoluminescent
dosimeters for the lower energy devices for small tires.

I strongly feel that in all x-ray or radiation inspection or

other use firm written procedures for operators be developed and

used and that operators be trained and rated as "qualified operators"
before being allowed to use the equipment.

Westinghouse is presently exploring the use of image intensification

and closed circuit television for inspection of materials other than

rubber tires and we think this has great potential as far as reducing

radiation exposure is concerned.
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Figure 1

Figure 2
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Figure 3

Figure 4
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Figure 5

Figure 6
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Figure 7

Figure 8
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Figure 10
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Figure 11

Figure 12
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DISCUSSION FOLLOWING MR. BEEBE'S PRESENTATION

MR. DICK: Mr. Beebe, about this operating procedure, at General Electric
for every special test, we go to what we call a test readiness scheme,
where before the test is performed it is simulated to be sure all the
connections are right, and everything that has to be done is determined.
Every procedure has, an alternate mode. In the event of trouble,
what do you do so the guy doesn’t panic? Another thing I wanted to
comment on is, as good as your procedures are, they should have periodic
audits to make sure people are disciplined in following the procedures.
Do you employ such a scheme?

MR. BEEBE: We certainly do. At Westinghouse we encourage the
customers to do the same thing. The procedures that we’re talking about
are procedures that the test people will follow. They would make
their own surveys, they would follow their own procedures. And
their staff safety people, whoever they might be, should audit on some
definite period, to make sure that these procedures are being followed.
I don’t mean to say that the procedures are going to take the place of
mechanical devices, but mechanical devices don’t always work.

MR. WILLIAMS (Department of the Navy) : I was glad you mentioned the

fact that interlocks are available. Have you also considered, in

addition to survey on entry, the possiblity of using continuously
active radiation detecting equipment to show that there is a field there?

MR. BEEBE: We have not employed it in our x-ray equipment, but
I think it is a good idea. It just adds to the cost.

MR. WILLIAMS: You do survey on entry, regardless?

MR. BEEBE: We recommend it. We do at our place when we’re setting
up these devices. We can’t govern what the customer does.

ROBERT GALLAGHER (Applied Health Physics): The point was made,

just before the last question, about the periodic auditing of written
operating procedures. I hope that this isn’t taken just as it

applies to this particular application of radiation. I think it applies
generically to all written operating procedures, and especially in

radiography. They must be audited periodically, which should be at least

from my experience, no less than annually in order to adjust to changes
in the type of applications, new equipment, and changes in personnel.
In every one of the radiation accidents which I have been involved there
were problems that could be traced back to a failure to have an indepen-
dent technical audit of radiological safety in the operating procedures.



203

MR. BEEBE: I think you're right and you know my position on
safety. I think that it applies whether you're moving those heavy
concrete blocks that the gentleman talked about yesterday in Barberton,
Ohio, or whether you're talking about radiation, or inspecting the
tires after they are worn. I always like to say that it's possible
for you to drop a lead brick and smash your foot while you're building
a radiation shield. So I think you can say, well, we're going to con-
centrate on radiation safety. Mr. Weldon talked yesterday about a

siren which was so loud that people had to get out of the area because
it bothered their ears. Well that siren is probably illegal from a

noise standpoint, and that should be looked at also.

MR. RIVKIN (Health Physics Associates) : In addition to the ply
separations that you look for, what other defects are you examining?

MR. BEEBE: We can look at ply separations and at separations
between individual threads in the case of fabric tires. We can look
at the spread between individual wires of steel belted tires. We
can look at whether or not the wires in the bead are uniformly sized
and uniformly separated. We can look at what the tire manufacturer
calls ply curl up, where the sidewall and the thread come together,
and the tread design can even be seen. The nice feature is, that by
varying the x-ray machine and by varying the TV, almost everything about
the tire can be examined.

MR. RIVKIN: Ordinarily it's principally separations that
are being looked for. The purpose of my question was, it seems to

me, that such separations could better be seen with ultrasonics
than they could with x-rays. Could they not?

MR. BEEBE: Yes, except that that's only one use to which people
put this device. The tire manufacturers also use it as a training
tool. Or, to take a tire builder—as I said, tires are built one at

a time by one man. He can be taken into the control room and shown
his tire and all the different things that are wrong with it, and
make him a better tire builder. That's another use. As far as inspect-
ing just ply separation is concerned, I think you're right. This

unit performs many other things beside that.

MR. MILLER (Bureau of Radiological Health) : Do these types of

machines find application in recap facilities, and if so, does this

present special problems because they’re usually smaller facilities?
Also would you elaborate on what you consider are essential features
of the interlock safety system for that kind of installation?

MR. BEEBE: Well, I think undoubtedly you can use them in

recap facilities since you can continuously vary the voltage from

15 to 150 kVp. Recap can certainly be looked at to determine whether
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or not the cap was really vulcanized to the rest of the tire. I

appreciate your problem because there are shops that have maybe three
people that are doing recapping. It's not likely that a small shop is

going to have one of these devices because it costs $100,000 or
more. As far as the interlock system is concerned, I feel the same
about those as I would about the people who manufacture tires. The
same interlock system. It should work the same way and they should
have written procedures.

DR. TAYLOR (NCRP) : What percentage of tires are inspected by
such methods in practice?

MR. BEEBE: We’re just starting into this business, so it varies.

MR. TAYLOR: Is it a sampling technique?

MR. BEEBE: It's a sampling technique at the present moment.
Most of the manufacturers are using it as a learning tool at the

present time and not as a routine quality assurance device.

DR. TAYLOR: I’m very curious about your remarks—the question of
exposure to the eyes. Normally the eye is one of the easiest parts of

the body to protect, especially when you're dealing with narrow beams.
I wonder if you could explain what the geometry situation is that
makes it such a problem.

MR. BEEBE: The problem is it’s a narrow beam about the size of

the eye.

DR. TAYLOR: Why can't you shield the eye?

MR. BEEBE: You can shield the eye except that it’s difficult then
to see the imperfections in the fluorescent screen. This is one of the

things that we’re working on. We're hoping to get flat glass which
won’t give us distortion. That's a problem. We’re trying to do that.

DR. TAYLOR: It seem unnecessary to me.

MR. BERK (Frankford Arsenal) : You mentioned the use of finger
badges for monitoring. Is there a trend away from these finger badges
because they tend to leak? Can you give us your experiences?

MR. BEEBE: Well, these things will leak if you don't wrap them
well. If you have the proper finger badges they do not leak. We

buy our film badge service from a vendor and have not had this problem.
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MR. DAVID HAAS (Philips Electronics Instruments): We carry some

of the isotope safety devices for x-rays and as far as I know at this

time there are no optical safety devices for that particular purpose.
I think this is one area that could be looked into as a safety device.

MR. BEEBE: I agree.
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THE INSPECTION OF PARCELS FOR CONTRABAND
USING IONIZING RADIATION

Colonel. John H. Bowman
Headqu.aAle.AA USAF FoAlal and CouAleJi Service

VepaAlme.nl ofi The Ala FoAce
Spnlng leld

,
VlAglnia

Speaking for the U.S. Air Force Postal and Courier Service in
particular its commander. Colonel John F. Jureka, I was delighted to
learn I’d have the opportunity of addressing you this morning. Having
long considered symposiums of this nature to be invaluable tools for
highlighting the advances made in areas of our common interest, I’ve
been looking forward to participating in this session and discussing
an area of significance to everyone in this room — the elimination
of mailed contraband by means of nondestructive testing.

All of us should have a two-fold interest in this area, the first
would derive from a professional desire to develop safe and efficient
methods of nondestructive testing. The second, more personal in
nature, is the desire to eliminate the threat of explosive contraband
taking the lives of innocent victims

.

If you stop to consider that nearly 90 percent of Air Force
mail is shipped on commercial carriers, you will begin to see the

importance of this desire to the Air Force Postal and Courier Service.
As commander of the U.S. Air Force Postal and Courier Service Pacific
Region, stretching from Hawaii to Thailand and from Northern Japan to

Southern Australia, I’m personally concerned with the safety of

millions, as well as the safe and efficient delivery of the mail.

The primary purpose of this paper, however, is not to dwell on

our problems, but rather to discuss a machine we feel will eventually
eliminate contraband in the mail—the Dynafluor II.

First, let me give a little background information about our
Postal and Courier Service. We are, in essence, the mail manager
for all Air Force mail, and provide air mail service for all Department
of Defense activities. Our 2,750 personnel are physically located

in thirty-six countries and provide service to fifty-seven countries,

moving nearly 200,000 tons of mail yearly.

In addition, we operate 20 Air Force Courier Stations around

the world, moving nearly as much courier material as the Army and

Navy combined — eighty-two million pounds per year.

To handle this enormous amount of mail, we operate twenty-one

Aerial Mail Terminals, 132 Air Force Post Offices overseas, and 209

Postal Service Centers at Air Force Bases within the United States.

We are a unique organization, the only one of its kind in the world.
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With such a large organization and volume of mail, you can see
why contraband could become a problem for us. In fact, for awhile it
was quite a problem. During the first seven months of 1970, the
following contraband items were seized in San Francisco and Oakland:
26 submachine guns, 33 revolvers, 5 M-16 rifles, 7 carbines, 2700
rounds of ammunition, a sizable quantity of grenades, and thousands
of pounds of narcotics, mostly marijuana and hashish.

On one day alone in 1968, San Francisco received 34,563 packages,
of which 6,523 contained items that violated Customs regulations.
Thirty percent of the 6,523 packages contained stolen government
property or prohibited merchandise including grenades, flares, guns
and drugs. Many of the weapons found in the mail were war trophies
sent home by our servicemen in Southeast Asia, most unaware they were
breaking the law. Thus, you can see we had a problem. What did we
do about it?

In the past, there have been some long-standing procedures used
to control contraband in the U.S. Military mail. Official mail and
courier material was moved through Customs with no attempt to perform
a Customs examination. The integrity of the system and agency were
depended upon to eliminate contraband. Elaborate information programs
were designed and promulgated to deter military personnel from in-

cluding contraband in personal parcels.

Patrons mailing personal parcels through military post offices
were required to produce government identification, and that identi-
fication was compared to the return address on parcels being accepted
in Southeast Asia. When the identification didn’t match the return
address, patrons were required to enter their proper ID information
on the wrapper of the package.

All parcels and merchandise packages were routed to the U.S.

Bureau of Customs facilities prior to or at the time of entry into
the U.S. Some military post offices utilized joint Customs group
inspectors in Vietnam for a post-mailing random examination of

personal parcels.

The Air Force forwarded all voice tape containers entered into
military postal channels to U.S. Customs points for scrutiny, and
there has been an extensive use of "sniffer" dogs, trained in the

detection of marijuana in letters and packages.

Within the past year, the military postal services have
recognized the need to improve on old programs. The first improve-

ment mutually agreed upon by Army, Navy, and Air Force military
postal services was to make more uniform the anti-contraband actions

taken by individual services. Military postal clerks began to
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externally examine letter mail in an attempt to identify those letters
containing contraband. Such suspect letter mail is then sent under
separate cover to specific agents of the U.S. Bureau of Customs.
While official mail remains contingent upon the integrity of the
mailing agency, official mailers were advised that evidence existed
that the indicia or postage paid stamp was being used to move contra-
band into the states without detection.

Several recommendations were presented at Department of Defense
meetings to eliminate contraband but were rejected. Some of these
were: The establishment of controlled mailing facilities and complete
examination of all personal packages in these facilities prior to

wrapping and mailing; complete premailing examination of official
mail; elimination of the mailing of personal packages from Vietnam
and Thailand; and, procedures for unit mail inspection of personal
parcels prior to mailing.

As I said, these recommendations were rejected, but it shows to

what extent we were trying to solve the contraband problem. We have
tried to make the controls as painless as possible, because every
control we employ means that much more delay in mail service to our
military patrons. As our name implies, we are in the business of

providing a service, and we are sincerely interested in providing
our military patron with the best and fastest mail service we can
furnish

.

The measures I've listed have helped reduce contraband significantly
in the military mail system. For instance, in May of 1970, there
were 134 contraband hits made in the examination of 290,000 pieces
of mail. Roughly, this averages out to about one hit in every 2,000
mailings. Of the 134 violations, only 14 were reported from Air Force
Post Offices

.

Through the various contraband control efforts initiated by the

services, the 134 violation figure was reduced to 24 in November of

1971. These figures showed we were moving in the right direction.

Eventually we hope to reduce the contraband violation figure to

zero. We are confident we now have the means of accomplishing this

lofty goal. I'm speaking of the real subject of this talk — the

Dynafluor II Fluoroscopic Inspection Unit for Parcels and Baggage.

Quite a mouthful, but then its quite a machine.

The Dynafluor II, manufactured by Torr X-Ray Corporation and

distributed by Philips Electronic Instruments, is just what the

doctor ordered, so to speak, for our contraband ailment.
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The Air Force Postal and Courier Service has purchased 37 of
these machines and installed them in our various locations throughout
the world. At a cost of just under ten thousand dollars each, we've
placed quite an investment in something we're sure is going to work.

Most of the X-ray machines will be installed throughout my
Pacific Region, as this is where most of the contraband shipment have
been originating. How, some facts about the equipment itself.

The unit consists of a single cabinet, 70 inches deep by 72

inches wide by 62 inches high, which houses the complete inspection
unit. This includes a radiation-shielded enclosure, X-ray generating
system, a parcel/baggage/package transport system, fluoroscopic
viewing system and an operating station.

Among other features, the Dynafluor II includes a specially
designed oil cooling system which will permit continuous operation
of the equipment for as many as 24 hours a day, if necessary. The
system is such that a minimum of heat will build up in the cabinet.

Packages or baggage up to 100 pounds in weight and a maximum
size of 36 by 24 by 18 inches will be accepted by the unit. The
packages are inserted in the front of the machine through a door
opening 26 inches wide and 30 inches high. The electrically-operated
door is 30 inches wide and 34 inches high, allowing a two inch over-

.

lap on each side to prevent scattered radiation from leaking around
the door. A slip type clutch allows the door to be opened manually.

The door mechanism is actuated by safety-interlocked push
buttons on a control panel. The door incorporates dual safety inter-
locks which interrupt the radiation operation if the door is not
properly shut or inadvertantly opened during the inspection cycle.

Independently wired, one interlock will continue to operate efficiently
if one should short. The interlocks are connected to a relay coil
which controls the power of the X-ray tube, and once the interlocks
interrupt the system, the radiation must be restarted manually.

Operating on the X-ray fluorescence principle, the Dynafluor
II produces an immediate image of a parcel's contents on a screen.

The image we see is similar to a photographic negative, consisting
of a series of shadows of a varying density. The design of the

equipment permits the operator to scan the entire interior of the

package with the X-ray beam. Thus, the outline of objects which
are ambiguous when seen from one angle will gradually be revealed
as the angle of view is changed.

This scanning procedure is accomplished with an interior
transport system, which permits lateral viewing of the inside of a
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package or baggage as the piece moves across the X-ray beam, and a

maneuverable tubehead which may be elevated or lowered. The result
is a dynamic image whereby details are revealed which might remain
hidden or simply not recognized if the image were static.

In addition to an outline of the objects in a parcel, this
unit will also provide us with a clear outline of the interior of
these objects. As an example, the outline of a small radio will be
readily detectable as will the outlines of the parts within the
radio.

The fluoroscopic screen consists of a sheet of plastic covered
with finely ground fluorescent crystals. These crystals give off
visible energy and light when excited by an X-ray beam. An image is

created on the screen when the X-ray beam is intercepted by an object.

The X-ray "shadow" is one of great detail and complexity, it

may be used to detect objects as small as a hair and as detailed as

the interior of a tape casette. If a potential smuggler were to fill
the interior of a tape casette with a narcotic, this would be quickly
detected by the fluoroscope.

The Dynafluor II uses an X-ray tube specifically designed to

provide great image detail. It will see through the widest possible
range of material. For example, the interior of a tape casette may
be seen to be missing its usual spools of tape and metal clips. If

someone were to wrap contraband in heavy lead foil, the presence of
an opaque object would be sufficient cause for suspicion and diversion
of a package for Customs inspection. An object is either directly
revealed because its outline is clearly evident, or indirectly re-

vealed because it creates an abnormal outline and therefore a suspicious
condition.

The Air Force is thus putting to work the very techniques used

by the doctor for the detection and diagnosis of medical problems.
The great success of medical radiology, which today can detect tumors

as small as a pinhead, is indicative of the success to be anticipated
by the X-ray surveillance and detection units of the Air Force Postal
and Courier Service

.

One factor of special interest to us is the speed of operation
of the equipment. This takes on added importance when you realize

how much mail the Air Force regularly handles — 200,000 tons of

mail annually. The Dynafluor II is designed for package examination

rates of up to 4,800 units per day. This, of course, would depend

somewhat on the proficiency of the operator. We've estimated that

five seconds of exposure is required for each package, and 10 seconds

more is necessary for changing packages, thus making 15 seconds per

package for the handling and inspection.
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As you can see, this machine is extremely efficient. Just as

important, however, is safety, and there are several features in-
corporated into the machine in an effort to increase operator safety.

The X-ray generator system, which includes a high voltage
transformer, filament transformer and X-ray tube in oil-filled housing,
is completely covered with .160 inch lead except at the X-ray tube
window where the primary beam is emitted. Lead shielding within the
unit reduces radiation to less than 0.5 miHi-roentgens in any one
hour when measured at any accessible area two inches from the outer
surface of the Dynafluor II enclosure.

Another safety factor is the design of the viewing system, which
permits indirect viewing of the screen by means of a mirror. The
mirror is set at an appropriate angle to the screen so the primary
radiation won't strike the lead glass view port.

There is also no danger of damage being done to the merchandise
undergoing the X-ray examination. The only item which could be
damaged is undeveloped film. To avoid this, all undeveloped film we
receive will be forwarded to the U.S. Customs for examination, as

they possess the proper equipment to examine this item.

A key to the effective operation of the Dynafluor II is, of
course, operator efficiency. And herein lies more of the beauty of

this machine. Proficiency of operation can be developed within a

few weeks. This includes developing a speed of interpretation which
enables the operator to detect any contraband hidden within a package
or bag. Without the ability to interpret the X-ray image, these
machines would only be so many wasted dollars.

Maintenance requirements have been simplified by the use of

modular construction, a system which allows the quick and efficient
repair of downed machines. After all, the less time we have to spend
fixing the equipment, the more time we'll have to free the mail of

contraband.

Some other specifics about the equipment you might be interested
in

:

— The X-ray generator is a lightweight industrial type unit

of 150 kilo-volts , 5 milliamperes capability, operating on any 110

V or 220 V source and requiring no other utility. The tubehead is

a center-grounded tube with oil insulation and thermal cut-off switch.

Effective focal spot is 1.5 mm square.

— The tube is equipped with a beryllium window for the

inspection of small, low-density packages and luggage, and is also



equipped with a copper filter for the inspection of larger, higher-
density materials.

— The fluoroscopic screen is the radelin type PFG-5M with a

brightness of 60, resolution of 3 line pairs /mm and peak response of
5300 angstrom units.

— The temperature range for operation is 0 to 120 degrees
farenheit

.

I mentioned earlier that contraband violations had been reduced
markedly prior to the introduction of the Dynafluor II. A logical
question, and one that has been asked often, is: Why should the Air
Force spend 350 thousand dollars on equipment which doesn’t seem to

be all that necessary? The answer lies in our professional philosophy

Our commander put it best when he once said, 'we are postmen,
not policemen.' However, we still have an obligation to all the
citizens of the United States, and we're going to do all in our
power to help U.S. Customs officials restrict the flow of contraband
through the military mail channels.

We're going to be especially agressive in detecting and
eliminating the shipment of explosive devices and equipment. We
figure that less than ten thousand dollars per surveillance unit is

a small investment to protect multi-million dollar aircraft and the

hundreds of passengers who might be aboard when such a device
detonates. Even a small explosive device, should it accidently
detonate, is a danger to everyone nearby.

Devices such as land mines, hand grenades and flares could do

tremendous damage to the sender, the postal clerk, the airlines
handlers, the aircraft in flight, and any number of people with whom
they may come in contact at the time of detonation. In a sense, you

could say we're keeping the sender from committing homicide.

I want to emphasize that we're not interested in simply catching

smugglers. This is why we're not trying to hide the fact that we

have these machines. We would by far prefer to deter rather than

detect contraband.

But regardless of the ultimate function these machines may

fulfill, as a deterrent or detection device, the result will be

the same. The military mail channels will be used for their in-

tended purpose and their intended purpose only.

Gentlemen, I've thoroughly enjoyed talking with you today,

and I'm grateful for the opportunity of sharing with you the latest

chapter in our contraband control program.
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DISCUSSION FOLLOWING COL. BOWMAN'S PRESENTATION

MR. ROBERT RENNICKS (The Continental Insurance Co.): Colonel,
on the use of the Dynaflor tube, say a claim is made that it ruins
photographic film or demagnetizes tape. I know you have itensifying
screens there to reduce the radiation, but when this claim is made,
who assumes the risk, or who deals with the claimant in your involvement
of the evaluation when an alleged claim originates? Is it Torr,
Philips, or the Air Force, or the sender? Does he assume some risk?

COLONEL BOWMAN: Right now it's the Air Force that is responsible
for any damage incurred by the Air Force machines— the Dynaflors. We
do not examine undeveloped film. We send it to the U.S. Customs Office
in San Francisco. Any damage that is incurred by their examinations
is borne by the U.S. Post Office.

MR. RENNICKS: Supponse somebody sends a package that contains
a device which, under fluoroscopy would trigger the package and blow
up a government installation.

COLONEL BOWMAN: That's a good point. Fortunately, I hope no one
else has thought of it. Most of the people with whom we use dealing
in the anti- contraband program are authorized to enter mail into the
military mail system. They are service people, DOD contractors, DOD
civilians, or State Department people, who have an initial screening
before they get in a position that would authorize them to use the
military mails. Consequently, the types of people that we deal with
are almost entirely amateurs in the sense that they're attempting to

smuggle home a war trophy, or something like that, without realizing
the potential danger. Or else it's some guy overseas that's got on

the dope habit and he wants to send a little home in advance of

his return.

MARCEL MARECHAL (Balteau Electric Corporation) : How can you
differentiate for instance, the difference between a bar of soap,

some device, or tubes of toothpaste?

COLONEL BOWMAN: Well the outline of the tube would show up

on the fluorescent screen. Under law, the current law in the land,

postal clerks are considered in the extention of the United States
Post Office. And as such we're authorized to open and inspect third
and fourth class parcels. We are not authorized to open or inspect
first class letter mail or first class parcels. However, if we see

an image on the screen that excites some suspicion on the part of the

operator, in a first class parcel, he would then forward this article
directly to the U.S. Customs Office in San Franncisco which does have
the authority to inspect it. For the second, third or fourth class
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parcels, if we see something that excites our curiosity or suspicions,
we have the authority to open and actually examine the contents.

MR. VALAER (Bureau of Radiological Health) : There has been a
report of interlock failure on one of these devices. I wonder if
there has been any personal injury as a result of this failure?

COLONEL BOWMAN: I've seen the report sir, and as of this time,
there was no report of any personal injury. I might add, that as a

result of this one incident, there have been some modification on the
safety switches on the device. As we install these different machines
in our different locations, we always have the bio-medical radiology
people come around and survey the machine and inspect the installation
to insure that we’re giving maximum operator safety.

MR. EDWARD CRISCUOLO (Naval Ordnance Laboratory): I’m wondering,
since these devices are probably operated by military personnel, what
sort of radiation safety training do you use?

COLONEL BOWMAN: We have a rather simple training program. Actually,
other than the normal warnings that you would expect, I’m not aware
of the particulars of the specific safety training that is given to

our operators. They are all military personnel. The safety devices
built into the machines, we feel, are sufficient when used with a

check list to provide acceptable radiation operator safety.

MR. ROBERT BELIN (Picker) : You say you do not inspect for

undeveloped film, but if you’re inspecting a box and there’s undeveloped
film in there, you don’t know it at the time you're exposing it - right?

COLONEL BOWMAN: Thht's true.

MR. BELIN: You said you’re getting resolution that you can see

a hair—a human hair?

COLONEL BOWMAN: That's what the company claims.

MR. BELIN: You're saying hair inside of a box, or something like

this

.

COLONEL BOWMAN: We do get extremely high resolutions. Let me

address your first question. We do not inspect film mailers when

they are dropped in the mail. You know, you can buy these little

film mailers where you send undeveloped film back to the processing

laboratory. When we see those, we do not inspect them. However, if

someone were to ship undeveloped film in a box, obviously we wouldn't
know it. We might x-ray it, and we might incur some radiation damage

to the film. In that case, we have to accept responsibility for
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that. As far as the resolution goes, it seems to be primarily related
to operator proficiency. I'm an amateur speaking to a bunch of
professionals, so I hope you'll consider that in judging some of these
remarks I make. All I can say in that respect is that at this point
in time, we are pleased with the detail that we do get and the ability
of our nontechnical military people to interpret it.

BERNARD BOISVERT (U.S. Air Force): This is an exempt protective
installation. You don't really need too much training on exempt
installations. Regarding this mail, we specifically were under the
impression that during design there be a big sign telling the

serviceman "Don't try to mail unprocessed film home without identifying
it as such." He comes to the postal window and he says "This is

unprocessed film." We shoot that aside.

COLONEL BOWMAN: You're absolutely correct sir. In addition to

that sign, we have other signs warning the patrons that their mail
is subject to being x-rayed. In fact, we just recently produced a

new poster that shows some actual pictures of contraband discovered
in parcels through this machine. And we're posting these in all the

military post offices overseas.
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RADIATION SAFETY IN BOMB DETECTION UTILIZING RADIATION TECHNIQUES

Jerome W. StalgcA
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In recent years there has been an increase in the number of
bombings and bomb threats. Many of the explosive devices used in
bombings or attempted bombings are contained in very common packages
such as brief cases, luggage and assorted boxes. A very real need
has arisen for a method to evaluate the contents of suspicious
packages and at the same time minimize the probability of accidental
detonation of the explosive device during the inspection. An ideal
method would be one which does not require the package to be moved
or disturbed in any manner until after the evaluation of the contents
is completed.

The use of x-ray fluoroscopy and/or radiography are two methods
which have been suggested and are being used to evaluate suspicious
packages. These methods offer relative safety from accidental
detonation during inspection of a package, and can provide considerable
information concerning the contents of most packages. The principle
upon which the use of x-ray fluoroscopy and radiography is based is

that x radiation is highly energetic electromagnetic radiation capable
of traveling through a considerable thickness of most absorbing
materials. Highly dense and thick materials will attenuate (reduce)
x radiation transmitted through an object to a greater degree than
less dense or thin materials. Therefore, if x radiation is directed
through a suspicious package, and a fluoroscopic screen is placed on

the other side of the package, thick metal objects will appear dark
on the screen while paper and other less dense materials will appear
light or shaded to a lesser degree. If an x-ray film is placed on

the other side of the package, the dense, thick materials will appear
lighter. Photographic film could also be used to evaluate the x radia-
tion transmitted through a package (dense objects appear dark and

less dense appear lighter). Blasting caps, batteries, and wires
would appear dark (similar to bones in the human body) when fluoroscopy
or photographic film is used, and light when x-ray film is used.

X rays are ionizing radiation and have the disadvantage of causing

biological damage when absorbed in human tissue. For this reason a

definite radiation exposure hazard exists for personnel using the

x-ray units, or to those who are in the surrounding radiation area

while an x-ray unit is being used. It is important that radiation

exposure to personnel be maintained within the established maximum
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permissible radiation exposure levels. In the field of radiation
protection we are concerned with minimizing the possibility of radia-
tion effects in the individual, and even more important from a radia-
tion protection standpoint, minimizing the probability of possible
genetic effects in future generations. The genetic effects, those
which result from harmful mutations in the gene material of the parent,
have formed the basis for the establishment of our present maximum
permissible radiation exposure limit for occupationally exposed in-
dividuals of 5 rem/yr. or 100 mrem/wk. This limit is based on the
formula 5(n-18) rem, where N is the age of the individual in years.
The maximum permissible exposure level for individuals in the general
public (those not working directly with the x-ray unit) is 500 mrem/
yr (Title 10, Part 20, Code of. Federal Regulations).

Radiation Protection Evaluation

A definite need exists to perform a radiation protection survey
of each x-ray unit prior to allowing use of the equipment by personnel.
Such a survey must be performed under actual and all conditions of
use to determine where potential radiation exposure hazards to

personnel and to others do exist. A study made at the University of

Minnesota by the Health Physicists in the Division of Environmental
Health and Safety, University Health Service, involved the evaluation
of two units (Police, December 1971);

1) The University of Minnesota Police Departments X-ray Unit

constructed by the Police Department.

2) A commercially available x-ray unit designed for inspecting
suspicious packages.

The University Police Department constructed their own fluoroscopic
x-ray unit because funds were not available for purchase of a commercial
unit. Figure 1 shows the unit as it was originally designed. An
advantage of this unit is that it is portable and easily transportable.
Also, the frame of the unit enables it to be locked into a stretcher
holder in the back of a station wagon (Figure 2). This secures the

unit during transportation and minimizes safety hazards in the event
of an automobile accident.

Adequate radiation protection was not provided in the original
design of the Police Department X-ray Unit. The results of the

initial radiation protection survey are given in Table I, Column 1.

As originally designed it would have been necessary for an individual
to stand directly in front of the x-ray tube while in operation to

view the fluoroscopic screen. The radiation exposure rate to an

individual in this position is 18,000 mrem/hr or greater. The permissible
exposure for one week of 100 mrem would be received in one-third
minute

.
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The health physicist recommended the following changes in the
design and operation of the x-ray unit to reduce the potential radia-
tion exposure to personnel:

1. Addition of primary beam filtration. At least 2.5 mm of
aluminum filtration should be used in the beam port of an x-ray unit
operated above 70 kVp. A total of three millimeters of Aluminum was
positioned in the primary beam to filter out low energy x rays which
is of little use because of its low penetrating ability.

2. Collimation of the x-ray beam. A variable aperture collimator
is best, but fixed cones and collimators can also be used. The purpose
of a collimator is to restrict the primary beam to only that area
necessary to obtain an image of the package or object in the beam.

This significantly reduces the radiation exposure levels around an

x-ray unit.

3. Additional Protective Shielding. A lead drape (0.5 mm lead
equivalent), which extended to ground level, was attached to the back
of the x-ray cart. This greatly reduced the radiation exposure level
in the operator's position. A lead apron and gloves (.5 mm lead
equivalent) should be available for protection of personnel who are

not positioned behind the lead drape. In no case should personnel be
allowed to be in a position where they may be exposed to primary beam
radiation.

4. Design Changes

a) Mirror added to fluoroscopic screen. This allowed for

viewing of the fluoroscopic image from the back of the shielded x-

ray cart.

b) A block cloth drape (millium) was attached to a viewing

tube to allow viewing of the fluoroscopic image when there was lighted

conditions (during the day and outdoors).

5. Personnel monitoring. Each individual associated with the

use of the x-ray unit was assigned personnel radiation monitors (film

badges) . This type of radiation monitoring is extremely important

to determine the amount of radiation exposure received by an individual,

and it is very important that personnel be informed of the real need

for wearing their monitors. The results of the personnel radiation

monitor, if worn, will give a positive indication of whether or not

proper precautions are being followed in the use of the x-ray equip-

ment. The film badge is commonly worn at waist or shirt pocket level.

Under certain use conditions it may be desirable to use more than

one personnel radiation monitor for an individual. An additional

monitor may be worn on the finger (finger badge) or at neck or eye

level to monitor possible head and neck exposure.
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6. Substitution of radiography for fluoroscopy if possible.
This eliminates the need for a mirror, drape, and viewing tube. During
radiography no individual is required to be present in the area during
the radiation exposure. It is possible to use a delay timer to
activate the x-ray unit, which would allow personnel to stand at a

safe distance in back of the x-ray unit and thus eliminate the radia-
tion exposure problem. Also, this would eliminate the hazard to
personnel should an explosion occur during radiography. Another
advantage of radiography is that less radiation (x rays) is required
for a film examination than for a fluoroscopic examination. There
is some additional cost for equipment to process the film or photo-
graph, but in the case of photographs it is not excessive.

Figure 3 shows the modified fluoroscopic x-ray unit after the
recommended design changes were made. A radiation protection survey
was again made of the unit and the results are listed in Table I,

Column 2. Column 3 of the same table list the results when the x-
ray unit is operated at a higher kVp

.

At the time of our initial radiation protection study only one
type of the commercially available x-ray units was evaluated. (Figure
4. It was found that the commercial unit was considerably more expensive
than the unit constructed by the University of Minnesota Police Department
(approximately three times greater cost). The results of the radiation
protection survey for the commercial unit are given in Table II. In
the assembled configuration as shown in Figure 4, the commercial
unit provides quite adequate protection for the individual viewing
the fluoroscopic screen. However, the assembled position has several
disadvantages

:

1. Package must be moved and placed on top of the shielded
case before fluoroscopic or radiographic examination can be performed.

2. The field size, which is limited by a 1 1/4" x 1 1/2"

rectangular collimator, restricts the actual area of the package that

can be radiographed or examined by fluoroscopy at any one position.
To evaluate the contents of a large package the package would have
to be moved several times or several films would be required. It

is important that the rectangular collimator not be removed for

viewing of larger package areas, because this would allow the primary
beam to extend beyond the protective shield around the fluoroscopic
screen.

3.

The limited distance between the collimator and the fluoro-

scopic screen restricts the size of the package that can be examined

to approximately fifteen inches in width.

Because of these restrictions the commercial unit is at times

used in an unassembled configuration where the fluoroscopic viewing
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screen is hand held at a variable distance from the x-ray generator.
A definite radiation exposure hazard exists when the commercial unit
is disassembled to view larger packages or to increase the versitility
of the unit. As the distance from the x-ray source is increased the
field size increases as shown in Figure 5. When the field size exceeds
the dimensions of the protective screen or if the screen is improperly
positioned the person holding the screen will be exposed to very
high radiation exposure rates

.

Most commercial units we have evaluated are used primary for
fluoroscopic examination in the assembled position. However, some
used on occasion in an unassembled position for fluoroscopic exam-
ination of packages and other objects where the potential for hazardous
radiation exposure is unnecessarily high. Some groups using commercial
units have begun to substitute photographic examination for fluoroscopy
with quite good results. We would highly recommend the use of this
technique over fluoroscopy because of the great reduction in potential
for radiation exposure to personnel. Also, information can be ob-
tained at a reasonable cost in a short period of time with imaging
quality that equals or exceeds fluoroscopy.

Recommendations and Guidelines

Before purchasing or using an x-ray unit consideration must be
given to the radiation protection of personnel. The following is a

list of recommendations and guidelines that can be followed in assuring
the radiation protection of personnel:

1. Before purchasing or constructing an x-ray unit a complete
evaluation should be made of the possible conditions of use for the

unit and the potential for radiation exposure hazards. The unit

should provide proper collimation and filtration of the primary beam,

and should have the necessary protective shielding to adequately
protect personnel.

2. A radiation protection survey should be made of the unit

under all use conditions by a qualified radiation protection specialist

(health physicist) to determine where potential radiation exposure
hazards do exist. A source of such assistance may be the local city

or State radiation protection agency.

3. If possible, definite consideration should be given to the

use of radiographic examination instead of fluoroscopy. The added

cost may well be justified in increased safety and reduced radiation

exposure.

4.

Whether the method of examination is radiography or fluoro-

scopy, the operating kVp, mA and time should be optimized for different

size and type packages for various use conditions prior to allowing
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use of the unit. This will provide the best image of the object being
viewed and in many cases will also reduce radiation exposure. Personnel
should be trained in how to operate the unit and the necessary pro-
tection precautions to be followed.

5. Personnel radiation monitors must be provided for all in-
dividuals associated with the use of the x-ray unit. Monitoring
service is available from several commercial companies, and a radia-
tion protection specialist can provide assistance in arranging for

such a service. Lead aprons and gloves should also be available for

protection of personnel and should especially be worn during fluoroscopy.

Conclusions

It is very important that adequate consideration be given to the

radiation protection of personnel using x-ray units in the evaluation
of suspicious packages. The radiation protection guidelines listed
are applicable not only to individuals using x-ray equipment for

evaluating suspected explosives, but also in the use of x-ray units
for inspecting luggage, incoming parcels, customs inspections, and

even in industry where x radiation may be used to locate foreign
materials such as glass or metal in food packages and containers.
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TABLE I

RADIATION PROTECTION SURVEY RESULTS OF UNIVERSITY OF
MINNESOTA POLICE FLUOROSCOPIC X-RAY GENERATOR

Radiation Exposure Rate
mR/hr

65 KVP 10 mA
(Column 1)

65 KVP 10 mA
(Column 2)

80 KVP 10 mA
(Column 3)

1 . Fluoroscopic viewing box
(five feet from x-ray tube) 18,000 11,000 18,500

2. Three feet to right of
viewing screen 2,500 400

3. Three feet from and in line
with side of package 300 150

4. Two feet from and in line
with side of cart 700 250

5. At floor level behind cart 30 10(2)* 12(3)

6. Gonadal level behind cart 2 75 7.5(1) 10(2.5)

7. Eye level of operator 60 20

8. Five feet in back of cart
and four feet to right 150 50

*Exposure rates in parentheses indicate the level of exposure to

the operator when there is no scatter radiation from surrounding walls.
All other measurements were made in a room with walls six feet from the
operator’s position. Measurements indicated in column 1 were made with
1 mm of aluminum filtration in the beam. Measurements in columns 1 and

2 show exposure rates with 3 mm of aluminum filtration.
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TABLE II

RADIATION PROTECTION SURVEY OF COMMERCIAL X-RAY UNIT

Radiation Exposure
Rate

mR/hr

1. Area behind x-ray tube (two feet from) 200

2. Four feet from the back of the x-ray tube 40

3. Behind fluoroscopic screen barrier (viewing
position) 4

4. Along the top of screen barrier 140

5. Top of x-ray tube (dial position) 1,500

6. Around fluoroscopic screen barrier with four
feet between tube and screen 19,000

All radiation measurements were made with this unit operating at

100 KVP and 2 mA, and with 3 mm aluminum filtration in the primary
beam.
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DISCUSSION FOLLOWING MR. STAIGER' S PRESENTATION

MR. HAROLD BERGER (Argonne National Lab.): Can you tell me
from your experience, how widespread you might expect this type of
thing to become among police departments? Apparently there's quite
a bit of interest in Minneapolis. Have you sensed any interest in
other police departments?

MR. STAIGER: I have to admit that we haven't really had a chance
to make a very widespread study. We don't have any funds to study
other areas. I know that our police department learned about it from
other police at meetings. I'm sure there is an interest in other police
departments. I've heard that a lot of security companies are thinking
about using x-rays for inspection of packages and things like this
that may come into an area. I know there is a decrease in the number
of bomb threats right now, so that might alleviate the need for these
units. I think, in narcotic searches and weapon searches there may
be another need for it.

MR. BERGER: Can you also tell me, what is the frequency of use
of a unit like this by the Minneapolis Police Department?

MR. STAIGER: Right now, the person that I talked to said possibly
twice a month.

DR. TAYLOR: In answer to that last question, I don't know how
many of these things there are in use, but there is at least one
commercial concern that is manufacturing a piece of equipment that
looks very much like the one shown for the Minneapolis police
department.

DR. ERICK CLARKE (Technical Operations, Inc.): Does the State of
Minnesota allow the unrestricted sale of x-ray equipment in this

fashion, without any control of its use?

MR. STAIGER: No, they don't. They have registration requirements
for all x-ray equipment. This is the control that they have now.

There are proposals for more stringent controls. Right now they do

require the registration of all x-ray equipment. They do require
the radiation protection surveillance of all x-ray equipment. I think
one of the problems that the State Department of Minnesota has had is

limited manpower. They haven't been able to really get around to the

units as often as they would like. And this creates somewhat of a

problem.
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MR. JOHNSON (ASNT) : We know that there has been some real foul-
ups at various airline installations where people run through the
eddy current devices, in trying to detect metal objects. And some of
the explanations of what they have found, and the flukes that go along
with such searches. Have you had some interesting ones in bomb
detection where apparent indications appear? Could you tell us what
you have found in some of these practices?

MR. STAIGER: I haven't really been associated with any actual
situations where they have gone out and used the units. I've
interviewed various people that have had the units and they tell us

of instances where they have used the x-ray machine. One instance where
they used the machine to inspect a wall to look for some material in a

wall. I didn't pursue it much farther than that. But I don't know what
the real problems are. I can see some problems that would be involved in
that situation. I'm not really that much of an expert on how it's
used or when it's used. I just know that they do use it about once
or twice a month. In Minneapolis now they use it more for narcotic
inspection. This is the indication that I have.

MR. MAURY BEEBE (West inghouse) : I don't have a question but I

would like to make a comment because I think it's appropo to your
situation as well as that of Colonel Bowman's. We discovered, almost
as a by-product of using closed circuit television to look at fluorescent
screens, you get a better view on the television screen than you do on

the fluorescent screen. And we think the reason why we get a better
picture on the TV screen than on the fluorescent screen is because the

TV screen is black and white and the fluorescent screen has only shades
of green. Also, I think that it's not very much more expensive to use
closed circuit TV then it is to use radiography.

MR. STAIGER: Thank you. We've noticed the same thing in photo-
graphic film. It's a much sharper image.

GERLAD KARCHES (NIOSH) : I'd like to comment on your comment before
about giving personnel monitors. Under the OSHA Act, it turns out that

if you're likely to receive a fourth of the exposure in any one quarter,

you are required to have personnel monitoring.

MR. ROBERT RENNICKS (Continental Insurance Company): A question

—

maybe Mr. Staiger can answer it or somebody from the airlines. We've

had 8 industrial hygenists travelling around the country, and possibly

taking on a plane an octo-band analyzer or maybe a constant flow

pump, that they would not subject to rough handling, and therefore

carry it on their laps. Everyone of them has been stopped going on

the airplane and held back to catch the next flight. I don't know
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the airplane and held back to catch the next flight. I don't know
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what the answer would be to this. I went to the airline and I showed
them what I had—an octo band analyzer—and I showed them my piston cone
used for calibration. I could not even convince them that it was not
a pipe-bomb. I caught the next plane. I

? m just wondering if anybody
has any suggestions on how to deal with these people.

MR. STAIGER: You can't ship a $3,500 instrument and have it remain
in calibration when it arrives there. Would anybody else like to comment
on that?

DR. ROBERT McMASTER (Ohio State University): In the discussions
to date so far, a couple of possibilities for getting the operator away
from the equipment have been omitted. Your suggestion that radiography
would be better than fluoroscopy in many of these cases, I think, is

quire appropriate. Today we have two other recording media that are
certainly appropriate. One of which is x-ray sensitive photo-
graphic paper which can be not only exposed rapidly, but also processed
quickly, which I think would provide a means of getting the operator
away from the radiation source. The second is the process known as

xeroradiography which became commercially available about a year ago.

The processing equipment is a pair of small cabinets into which you
put a cassette, pull out a charge plate and make the exposure. Then you
put it in the second cabinet and 75 seconds later, the reproduced image
drops out. Both these techniques obviously would make it feasible to

make an exposure in no great increase in set-up time. The costs are

low enough due to the fact that there's no darkroom processing. There's
an automatic processor for this paper. There's also automatic processing
for xeroradiograpy . There is another possibility which I think is

simple enough. In- some of these cases today, the low cost of video tape

recording systems that are floating around the country—some imported,
some not—are potentially useful because, the television camera is

perfectly capable of looking at most of the images you can see on the

screen. You might have to increase sensitivity. Also, the video

tape recording would provide a record of what was there. These
exposures are of short duration. Therefore, one video tape record

might contain hundreds of these images. It would establish a permanent

record, even when your present purpose is also fluoroscopy. Using the

TV camera would cut this radiation hazard down enormously. I'm very much

in favor of the inverse square law - staying as far away from the

x-ray as possible. I don't believe in any installation where people are

exposed to radiation unnecessarily in any manner.

MR. STAIGER: Are these processes that you mentioned readily

amenable to field techniques?

DR. McMASTER: I would think so. Perhaps we would have to ask

Mr. Ralph Turner of Eastman Kodak about the photographic paper and

processor. Eastman Kodak has one, and it looks very simple to me.
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It’s a small and portable. On the xeroradiographic equipment;
Xerox Corporation in Pasadena is leasing this equipment. In both
cases, the cost would be far less than what’s now involved with film
radiography. I think both are highly portable, and are adaptable to
the field environment.

MR. RALPH TURNER (Eastman Kodak Company) : Yes, we have some paper
products which are used for direct radiography. This involves a
screen, a paper product, and a small processor, all of which, including
the film, screen, and the processor, you can obtain for under a

thousand dollars. The access time of ten seconds is minimal
through the processor. It can be made portable and can be used out
in the field. All it requires is a 110 volt source. A number of

police departments are looking into this

.

DICK KENNEY (Picker Corporation) : To elaborate a little further
on what Mr. Ralph Turner said, there is also a polaroid film available,
which is a 10" by 12", is x-ray sensitive and along with a processor
requires no chemicals, just 110 volts for the equipment. It's

readily available to be used in this type of detection.

DR. WESLEY VAN PELT (Hoffman-LaRoche, Inc.): I think that comment
on the inverse square law with respect to remote viewing of the
image, would also hold for TNT or a stick of dynamite. I prefer to

be exposed to that one remotely also, watching a TV screen at 200

feet away. When you did put film badges on the policemen, did
you ever get any unusually high or perhaps unusually low doses to the
policemen?

MR. STAIGER: I can just indicate that since we've given the
film badges to the police department, the use of the facility has been
almost minimal. We haven't had any recorded exposures. I do feel

however they are wearing the film badges. They have been using the

x-ray unit in its modified condition.
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THE IMPLEMENTATION OF THE OCCUPATION HEALTH AND
SAFETY ACT OF 1970

John P. O'Neill
Occupational Safety and Health Admlnls tratlon

U.S. department ofi Labor.

Washington, V.C.

December 29, 1970 the Williams-Steiger Occupational Safety and
Health act was approved. This Act which became effective May 29, 1971
is undoubtly "landmark" legislation in the field of occupational
safety and health.

The law imposed two major duties, one for employers and one for
employees . Each employer shall furnish to each of his employees employ-
ment and a place of employment which are free from recognized hazards
that are causing or likely to cause death or serious physical harm to
his employees; and shall comply with occupational safety and health
standards promulgated under this Act. Each employee shall comply
with occupational safety and health standards and all rules, regulations
and orders issued pursuant to this Act which are applicable to his own
actions and conduct.

In order to implement this law and insure that the two duties are
complied with, occupational safety and health standards were necessary.
The Secretary of Labor was given authority to issue such mandatory
standards and enforcement rules and regulations. Provision was also
written into the Act for the development and promulgation of occupational
safety and health standards. On May 29, 1971 the initial group of

standards were promulgated. These standards were developed from
existing consensus standards of the American National Standards Institute
and the National Fire Protection Association and existing standards
from on-going Federal programs . This source restriction was outlined
in the Act. These standards were promulgated without comment or public
hearing. The authority to do this ends two years from the effective
date of this Act.

It is quite evident that this initial group of standards would
have to be expanded and that many situations effecting occupational
safety and health were not covered. The Office of Standards is

engaged in developing these required standards. The Act also established
the National Institute of Occupational Safety and Health located in

the Department of Health, Education, and Welfare. This organization
effectively is the research counterpart of the Occupational Safety
and Health Administration. NIOSH researches the relevant and essential



234

information and data upon which effective standards may be based. Upon
completion of such studies a "criteria package" is submitted to OSHA
so that a standard may be developed. Other sources of data and expertise
are also utilized, consensus groups, industrial experience, professional
societies and trade associations. Most of these standards are developed
by a process commonly called 6(b). This is initiated by publishing in
the Federal Register a proposed standard. The proposal is usually the
result of studies of the Office of Standards, advisory committees, and
consultants. The period of thirty days is allowed for comment. If
requested a public hearing is held. The final promulgated standard
reflects the record so developed from the initial work of the Office
of Standards, advisory committee records, written comments and the
transcript of the hearing.

It is quite difficult to develop standards in the field of
occupational safety and health because of the paucity of useful data
concerning occupational injuries and disease. Much data does exist
that has historical value but little causal data useful for standards
development or preventive programs for occupation accidents and injuries.
Even the anthropometric measurements which would be most useful in the
design of machinery and machine guards, the design of respirator equip-
ment, and other personal protective devices is not at present available.

The area of occupational health represents an even worse picture.
This may be true because few of the occupationally related disease cases
have been reported and because many cases which are occupationally
related are not recognized as such. We can in many instances recognize
that certain conditions cause disease but in most instances the true
extent or incidence of the disease is not know. We do know that much
more effort must be given to solving the problems of occupational disease
than heretofore.

The Act is very specific about the contents of occupational health
standards. It is nc longer possible to set a TLV or a limit for a

physical agent such as radiation and consider it a health standard.

Each standard must include the following parts: Identification of the

agent; levels of exposure; methods of measurement; monitoring both
personal and environmental; medical examinations; treatment including
first aid if applicable; method of control; and administration. The

asbestos standard promulgated June 7, 1971 is an example of this type
of health standard.

Many problem areas were surfaced during the development of the

asbestos standard. These problems, for which solutions must soon be
found, cover issues which in general are most important in the field

of occupational disease prevention. These include standards for

exposure limitations to conditions in the environment which may be harmful



235

to man. Many now exist but, in general, these must be reevaluated
as new data is developed. Effective standards for the physical agents
such as coherent light, ultra-violet, micro-wave transmissions, are not
in place. Labeling and warning systems for hazardous materials must
be developed. This in turn, depends upon a practical and useful
definition of hazardous material. Precautionary measures sometimes
called work practices, must be developed. Medical control systems
with the essential diagnostic aids must be studied and developed.
Methods of measurement and analysis that are precise, accurate, repro-
ductable and practical must be developed. These are some of the more
pressing needs but other long range requirements also exist.

The control of the workers health and safety requires a knowledge
of the man-environmental relationships which influence mans reaction
to this environment, anthropometric measurements of selected worker
universes, psychological studies of worker reaction to stress.

This is, but an example of the necessary information which is

required to develop effective environmental control systems and to

identify trends and potential new hazards which influence occupational
health and safety.

The information and data development will require the application
of the expertise of many disciplines and the contributions of those

professional societies which represent the collective knowledge of

science and technology. The great font of data reflecting industrial

experience exists in the files of industry. Examination of such

information would contribute materially to the solution of many of

the problems of health and safety.

To make judgements in the control of the environment one must be

able to measure and monitor this environment. Those of you knowledgeable

in the field of radiation should be cognisant of this. More effective

standards for occupational health will be written when better methods

of measurement and monitoring are developed. The perfect standard

will never be written and the chimera of absolute safety and health

will never be realized but this goal can be approached more nearly

by the combined application of our existing knowledge and expertise

of all affected parties.
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DISCUSSION FOLLOWING MR. O'NEILL'S PRESENTATION

MR. JAMES SAYLOR (Aetna Life & Casualty) : You stated that it
was found that industrial accidents are 60% health associated. I

was wondering if you would explain how the Occupational Safety and
Health Act helped to determine this figure?

MR. O'NEILL: As you know, we have approximately 500 compliance
offices throughout the United States. Their inspection reports— the
reports that they make as a result of complaints or what have you—are
analyzed as to what they entail. It is on this basis that we find
that most of the problems at the present moment fall in the health
field.

EDGAR BAILEY (Texas State Dept, of Health) : You mentioned that
there are no standards on coherent light at the present time. For
at least a year and a half model regulations for coherent light
have been developing under sponsorship of the National Conference
of Radiation Control Program Directors. However, I do not think that
the Department of Labor has really entered into assisting on these.
Is this correct?

MR. O'NEILL: Has the Department of Labor assisted in this?
The answer is no. I don't mean to say that we are not interested
because the members of my staff are working, for example, on the ANSI
standard which is being developed for lasers. The reason we have not
developed a laser coherent light standard is because we have not seen
standards that we can apply. Even the present ANSI standard is not
acceptable because of the proposed energy levels. If we were to apply
the proposed ANSI standard at the moment, we would practically knock
out the lasers used in the construction industry for example. We
don't intend to do this. Furthermore, since a standard that deals
with coherent light falls in the same field as a hazardous material,
we have to write a complete standard. We expect to have a laser
standard very soon in OSHA.

MR. BERK (Frankford Arsenal): You're listed as being with the

Department of Labor, and you enforce radiological health, just like

the AEC and the Bureau of Radiological Health of HEW. Do you have
interference in compliance? Which one takes precedence in your
standards, and so on?

MR. O'NEILL: That's a rather difficult question. As to the

question of which one takes precedence, that would depend upon what
industry you're discussing at the moment. The Act states that we
do not preempt those industries which are already influenced or

controlled by another Federal agency in terms of occupational safety
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and health. Certainly, we would not, and do not, enforce radiological
safety and health, for a licensee of the AEC. We would enforce other
health standards. Our regulations do cover radiological health, for
a very good reason. We must enforce radiological health and safety
for every source, regardless of its origin. For example, the use
of x-rays falls within our jurisdiction in many cases. Particularly
in those industries that use x-rays for various purposes—analysis,
inspection, and what have you. But thus far there has been no
jurisdictional disputes as far as I know.

MR. ROBERT FASS (Philadelphia Naval Shipyard) : So far as I see
it, most of the OSHA rules and regulations are geared toward the

employer. Does not the employee have some responsibilities under
this Act?

MR. O'NEILL: Yes, the employees have responsibilities. To

answer your question. I'll just read the duties that appear in the

Act. I shall read Section 5(a) and (b) of the Act which lists the
primary duties and which is the very heart of this entire Act:

"Each employer shall furnish to each of his employees employment
and a place of employment which are free from recognized hazards
that are causing or are likely to cause death or serious physical
harm to his employees" and part (2) says "he shall comply with
occupational safety and health standards promulgated." Now the

second duty states each employee shall comply with occupational
safety and health standards and all rules, regulations, and orders

issued pursuant to this Act which are applicable to his own actions

and conduct.
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SAFETY RECOMMENDATIONS IN ANSI DOCUMENTS

Elmza H. Eos znhooczA

Czntzn. ft
on. Radiation RzAzaAch

National Bu/Lzau o Standa/ids

Washington, V.C.

In discussing current recommendations and standards applicable
to radiation safety in industrial applications of ionizing radiation,
it is important to first make clear distinctions between regulations,
recommendations, and standards. I will attempt to make such distinctions,
realizing that oversimplification may be required and that boundaries
may be somewhat obscure. Since the theme of this paper is the
discussion of voluntary standards, and since regulations generally
have the force of law behind them and involve licensing and compliance,
that distinction will hereby exclude regulations from further discussion
and leave them to the following papers in this session.

The distinction between recommendations and standards is somewhat
more subtle, and the terms are frequently used synonymously in radia-
tion protection. For the purpose of this paper, the primary distinction
between recommendations and standards is that the former are produced
by groups of experts in a specific subject area, without a consensus
of approval by all affected parties. Voluntary standards, on the
other hand, imply a consensus of those substantially concerned with
their scopes and provisions.

To be designated an, American National Standard, a document must
be developed by the consensus principle and be approved by the American
National Standards Institute (ANSI). Many of you will remember that,

until 1966, ANSI was known as the American Standards Association. In

brief, ANSI is a federation of trade, technical, and professional
organizations, government agencies, and consumer groups. Its principal
function is to act as a clearinghouse to coordinate the work of

standards development in the private sector, which is currently carried
on by nearly four hundred different organizations. Through its pro-
cedures, timely development of standards is made possible, duplication
and overlap are minimized, and a neutral forum is provided to consider
and identify standards needs.

The Institute's Board of Standards Review determines the

existence of consensus through provisions for public notice, review
and comment. This independent group, with balanced representation
of industry, government, and consumers, offers democratic participation
along with the practical ability to reach a conclusive determination
of what properly constitutes a valid, voluntary American National
Standard.
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In preparation of an ANSI standard, the first step is the
recognition of a need. In the nuclear and radiation industry, in
common with all industry, the realization of a need may be the result
of requirements for quality control and safety, demand for inter-
changeability of equipment, requirements for adaptability to existing
equipment, and other accomodations to interrelationships among
consumers, government, manufacturers, and the environment. The
important types of standards are:

1. Definitions, terminology, symbols, and abbreviations.
2. Design, materials, parts, and equipment standards.
3. Performance characteristics of materials, parts, and

equipment

.

4. Procedures for determining performance characteristics
and reliability.

5. Testing, analysis, rating, and classification methods.
6. Safety and health requirements.
7. Procedures for operating, processing, handling, storing,

and transporting materials, parts, and equipment.
8. Methods for training and evaluating operators of equip-

ment and processes.

In the nuclear and radiation industry, the requirement for
radiation safety has been the overriding consideration in the

preparation of standards and indirectly, if not directly, almost all
existing nuclear and radiation standards, and those with high priority
for development, can be related to radiation safety considerations.

After a need has been established, the purpose for a specific
standard is easily recognized and a definitive statement of scope
can be prepared. At this time, careful attention must be given to

the relationship to other standards that exist, are under preparation,
or are scheduled for preparation in the same and related categories.
The final scope should clearly state what is and, if necessary, what
is not covered by the standard and to what the standard applies.

The actual writing of a voluntary standard can be accomplished
by a working group or subcommittee formed specifically for the purpose,

or the task may even be assigned to an individual. Regardless of

the method used, the writers should be technically competent in the

particular field, and should consider the interests of all concerned
parties. Of course, the writers are obliged to follow the standard

format for a standard. During the formulation of a standard, it is

recommended that the writing group document the reasoning which led

to the precise choice of language in the standard, particularly that

associated with the resolution of conflicts and controversial points.

Access to the full background of deliberations is important to

preclude reconsideration of the same contentions with each reviewer
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and to provide the history needed to assist in the later revision,
reaffirmation, or withdrawal of the standard. A review for determining
the need to revise, reaffirm, or withdraw a standard is required by
ANSI at least every five years, but standards may be revised or with-
drawn at any time conditions demand.

When the writing group has completed a draft standard that it

considers acceptable, comments should be solicited from outside
groups. At this time, the draft is also submitted to the ANSI
Standards Committee having the content of the standard within its

general scope. All such committees working in the nuclear and radia-
tion field have an alphanumeric designation beginning with the letter
N. The members of an N committee consist of those organizations
willing to participate and having substantial concern and competence
in the scope of the committee. Under certain conditions, individuals
possessing expert knowledge in the field of the committee work may
serve in a personal capacity, or representation may be accorded to

individual companies

.

During review by the Standards Committee, it is also possible
to have concurrent public review. If these reviews have been truly
comprehensive, and all comments have been considered, resultant
changes in the document should have removed most of the opposition
to its provisions. At this point the Standards Committee conducts
a poll of its members to determine whether there is a consensus in

favor of submitting the proposed standard to ANSI for approval and
adoption as an American National Standard. Although unanimity is

desirable among the committee members, it is not essential. Approval
by eighty percent of the committee members voting is sufficient for

submittal to the Institute. However, an attempt must be made to

resolve objections that resulted in a negative vote, and thereby
change the vote to affirmative. When the standard has been approved
by the Standards Committee, and subsequently by the Institute, it is

published either by the Secretariat of the Standards Committee or by
the Institute itself.

As one might expect, the procedure for producing an American
National Standard progresses much more rapidly in theory than it does
in practice. All too often, the elapsed time between assignment of

the task to a writing group and publication of the document is in

excess of three years. This is a matter of concern to the management
of the Institute, and methods are constantly being sought for speeding
up the writing, review, and approval procedures. It should be of

particular interest to this audience that a recent survey of reasons
for delays in the preparation of nuclear standards produced rather
general agreement that writing sessions should not be planned to

coincide with national meetings.
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After an American National Standard has been published, it is

available for use in many ways. It was produced voluntarily and it

is adopted voluntarily. It is intended as a guide to aid the manu-
facturer, the consumer, and the general public. The existence of an
American National Standard does not in any respect preclude anyone,
whether he has approved the standard or not, from manufacturing,
marketing, purchasing, or using products, processes, or procedures
not conforming to the standard. Producers of goods made in conformity
with an American National Standard are encouraged to state in their
own advertising, promotional material, or on tags or labels, that
the goods are produced in conformity with particular standards.

In addition to adoption by producers and consumers, ANSI standards
are sometimes adopted by regulatory bodies at various levels , in-
cluding state and federal agencies. For example, the U.S. Department
of Labor adopted (as of May 29, 1971) 120 ANSI-approved national
consensus standards under provisions of the Occupational Safety and
Health Act (Public Law 91-596) . Many of these American National
Standards, plus some 20 additional ones, have also been adopted by
the Labor Department in its Inspection Survey Guide. This guide is

used by Department of Labor safety engineers and industrial hygienists
in making inspection surveys of the contractor's workplace. Many
other examples could be given, but it should be sufficient to say
that, where the national interest is involved, it must be recognized
that many voluntary standards will end up as government rules and
regulations

.

In a very real sense, voluntary standards are industry’s
opportunity for self-regulation. The existence and use of adequate,
broadly accepted voluntary standards will frequently avoid government
regulations entirely and, if such regulations are deemed necessary,
will have a profound influence on the provisions contained therein.

An increasing number of organizations and agencies
,
including

the Atomic Energy Commission and the American Nuclear Society, are

placing greater emphasis on the development of nuclear standards and

are encouraging, cooperating with and supporting efforts in this

area. This growing concern about the lack of voluntary standards is

reflected in enhanced activity of the various ANSI Standards Committees.

One of the thirteen ANSI nuclear standards committees beginning
to feel the heat is N43, whose title is Equipment for Non-Medical
Radiation Applications. The approved scope of this particular
committee is as follows

:

"Standards pertaining to products and equipment for non-
medical scientific, industrial, and educational uses,

involving ionizing radiation sources including radio-

active materials, accelerators, and x-ray equipment but

excluding nuclear reactors."
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With this particular scope describing its area of concern, Committee
N43 and its activities quite naturally should be of interest to the

proceedings of this symposium.

The Secretariat of Committee N43 is the National Bureau of

Standards, as it has been for approximately the past 25 years. Prior
to 1967, the Committee was designated as Z54 and the secretariat was
called the sponsor. The secretariat is generally responsible for

implementing the Institute's procedures for standards committee, in-
cluding organization, scope, membership, active participation, appoint-
ment of officers, voting procedures, and administration. An additional
service performed by the Bureau is publication of standards produced
by the Committee as NBS Handbooks. The legislative authority for NBS
support of voluntary standardization activities arises from the

Organic Act (31 Stat. 1449, amended 1950) which specifically authorizes

"... the investigation of radiation, radioactive substances,
and x-rays, their uses, and means of protection of persons
from their harmful effects;"

and

"... cooperation with other Government agencies and with
private organizations in the establishment of standard
practices, incorporated in codes and specifications."

This statutory authority is elaborated by the Department of Commerce
(D.O. 90-A, 1968) when it prescribes NBS functions, including to

". . . cooperate with and assist industry, business, consumers,
and governmental organizations in the establishment, technical
review, determination of acceptability, and publication of

voluntary standards, recommended specifications, standard
practices, and model codes and ordinances."

With this type of directive, it is not surprising that approximately

350 members of the Bureau's technical staff hold about 950 memberships
on voluntary standardization committees, over a wide range of subject
areas

.

The organizational structure of Committee N43 is shown in Table

1. An eighth subcommittee, on the subject of neutron radiography,
is currently being organized. It will be designated N43-8 when the

proposed scope has been approved by the members of Committee N43.

In addition, a working group of Subcommittee N43-7 is under organization
with the purpose of producing an manual of good safety practices for

industrial radiographers using x rays which are generated electronically.
The latter group is being formed under the sponsorship of the American
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Table 1

Organization of NASI Standards Committee N43

Subcommittee or

Working Group
Designation Title

N43-1 X-Ray Diffraction and Fluorescence Analysis
Equipment
Self-luminous Products
Sealed Sources and Devices
Gamma Radiography
Radiation Gauges
Particle Accelerators
Revision of Handbook 93
Electrical Safety Devices
Electronic X-Ray Equipment

N43-2
N43-3
N43-3.1
N43-3.2

N43-4
N43-5
N43-6
N43-7

Society for Nondestructive Testing. It is also of interest that
Committee N43 is participating in the activities of several inter-
national standards committees and has provided delegates to present
the United States position at foreign meetings of these committees.
In some cases, travel expenses have been covered by generous con-
tributions from a number of companies interested in supporting inter-
national activity.

The actual writing of standards approved and processed by
Committee N43 is accomplished within the subcommittees and working
groups listed in Table 1. Standards prepared by them will frequently
contain requirements with regard to radiation safety and protection
in the design and use of equipment that produces radiation. Although
requirements may vary among the different types of equipment, all of

them have a common basis from which individual requirements arise.

That basis is the maximum permissible dose equivalent (MPD) values

shown in Table 2, derived from the most recent recommendations of the

National Council on Radiation Protection and Measurements (NCRP) as

published in its Report No. 39. The MPD values shown in Table 2 for

controlled areas are equivalent to those specified by the NCRP for

occupational exposure, and the values shown for noncontrolled areas

are equivalent to NCRP specifications for dose limits for the public.
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Table 2

Maximum Permissible Dose Equivalent Values (MPD)

Exposure of patients for medical and dental purposes is not included
in the maximum permissible dose equivalent.

Maximum
13-week
Dose

Maximum
Yearly
Dose

Maximum
Accumulated

Dose

rem rem rem

Controlled Areas
Whole Body, Gonads,
Lens of Eye, Red
Bone Marrow 3 5 5 (N - 18)*

Skin (other than
hands and forearms) - 15 -

Hands 25 75 -

Forearms 10 30 -

Other Organs 5 15 -

Noncontrolled Areas _ 0.5 —

*N = age in years and is greater than 18. When the previous occupational
history of an individual is not definitely known, it shall be assumed
that he has already received the MPD permitted by the formula 5(N - 18).

As stated in the introduction to NCRP Report No. 39, "Working
guidance for radiation protection calls for the provision of pragmatic
protection recommendations by combining scientific information with
conservative application of theory and a need for practicality through
the introduction of value judgements." Fortunately the NCRP has
gathered together many of the country's experts in this area and has
presented us with an adequate basis of recommendations, thereby
sparing Committee N43 a chore it would be totally incapable of
accomplishing anyhow.
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Primarily for historical interest, I would like to describe
briefly the first voluntary standard produced by the committee which
is now designated N43, but was then designated Z54. The standard was
officially titled the American War Standard Safety Code for the In-
dustrial Use of X-Rays, and was approved by the American Standards
Association in April 1946. It was truly a committee effort in that
the document consisted of six parts, each of which was prepared by
a different subcommittee. The foreword described it as a safety code
which was a consensus of the best rules and specifications for pre-
venting accidents in the industrial use of x rays and radium.

The American War Standard was revised in 1963 as the Safety
Standard for Non-Medical X-Ray and Sealed Gamma-Ray Sources, Part I.

General. Its ANSI designation is Z54. 1-1963, and it was published
as National Bureau of Standards Handbook 93. The scope of this
standard is stated as follows:

"This Handbook is intended to serve as a guide toward the
safe use of x-ray and sealed gamma-ray sources for non-
medical purposes of equipment emitting x rays serving no
useful purpose. Its main objectives are to reduce need-
less exposure of persons to radiation and to ensure that
no one receives more than the maximum permissible dose.
These objectives are achieved by the use of appropriate
equipment, ample structural shielding and most important,
safe operating procedures."

With over 23,000 copies sold, this standard must be termed a

success. It is included among those ANSI standards adopted under
provisions of the Occupational Safety and Health Act, is used ex-

tensively by the military, and is frequently cited in commercial
advertising and procurement transactions.

Handbook 93 is currently undergoing revision, and it is planned
to have the revised document approved as an American National Standard
before the end of calendar year 1972. Changes will not be extensive,
but will hopefully update the document and simplify its use. The

familiar exempt, enclosed, and open classes of protective installations
will be retained, with slight changes in names, and a fourth
classification will be added. The latter, labeled as an unattended
installation, was considered necessary to adequately cover such items

of equipment as radiation gauges and other radiation-producing devices
that operate automatically without an operator in attendance. As

does the existing standard, the revised version will contain require-
ments for only general classes of installations, which are summarized
in Table 3. Specific types of equipment will be dealt with in in-

dividual standards limited to a particular device or application.
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Table 3

MPD Requirements in Handbook 93

Classification of Installation Requirement

Old New

Exempt Protective
Enclosed Protective
Open Protective

(none)

Protective
Enclosed
Open
Unattended

0.5 mrem/hr at 5 cm from surface
10 mrem/hr at 30 cm from surface
100 mrem/hr at posted perimeter
2 mrem/hr at 30 cm from surface*

*Unless licensed by Federal or state authorities

One of these specialized standards is designated N43. 1-1969, with
the title Radiological Safety in the Design and Operation of Particle
Accelerators. It was approved as an American National Standard in

December 1969, and was subsequently published as NBS Handbook 107.

This standard applies principally to particle accelerators with primary
energies less than 100 MeV. It considers the characteristics of and
controls for radiations as they affect accelerator design, operating
procedures, and exposure evaluation. The section on radiation pro-
tection design criteria includes radiation shielding considerations
and the use of safety systems. Operational health physics, require-
ments are treated extensively, and radiation measurements are discussed
in terms of the types of radiation that may be produced and proper
techniques for monitoring. The final section, on dose assessment,
includes basic exposure considerations such as maximum permissible
dose equivalent. Requirements for MPD values are stated generally,
as in Table 2.

The most recent publication resulting from efforts within
Committee N43 was issued in June 1972 as NBS Handbook 111. Its ANSI
designation is N43.2-1971, and the title is Radiation Safety for

X-ray Diffraction and Fluorescence Analysis Equipment. The document
reviews the types of injuries resulting from accidental exposure to

ionizing radiation resulting from the operation of x-ray diffraction
and fluorescence analysis equipment, establishes equipment design
criteria, sets up requirements for approved operating procedures,
and recommends the establishment of health surveillance and personnel
monitoring programs. The circumstances under which operation of

equipment must be limited to specially designated areas equipped
with radiation barriers and warning signs are set forth. A list of

references to selected articles on various aspects of radiation from
x-ray diffraction and fluorescence analysis equipment are included
in an appendix. Two classes of x-ray systems are recognized,
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designated as open and closed systems, and MPD values are prescribed
for each class. Requirements as low as 0.25 mrem/hr, measured 5 cm
from outside surfaces of the apparatus, are specified in some cases.
These values are derived from Table 2, assuming that an individual
may be in the vicinity of the equipment while it is operating for as
long as 40 hours per week, 50 weeks per year.

To complete the roster of existing standards for which Committee
N43 is responsible, American National Standard N5. 10-1968 must be
included. Entitled Classification of Sealed Radioactive Sources,
it establishes the classification of such sources according to
particular uses. The classification is based on radiotoxicity , curie
content, and performance requirements. No attempt is made to establish
design standards, leaving design features to the judgment of the
producer and user, provided that specific performance requirements
are met. Testing procedures are included for determining performance
classification, and an appendix describes acceptable methods for leak
testing. In accordance with the ANSI requirement for five-year re-
view, this standard will be revised in 1973, with its scope remaining
essentially the same as at present.

I would also like to mention several future standards that are
now in various stages of development and relate closely to the subject
matter of this symposium. A proposed standard that was recently
submitted to the ANSI Board of Standards Review for approval as an

American National Standard is entitled Manual of Good Safety Practices
for Industrial Gamma Radiography. The purpose of this manual is to
provide guidance for radiography personnel in the use of sealed gamma
sources for industrial radiography. It suggests practices which
should be followed by the radiographer to protect himself, his fellow
workers, and the general public from accidental over-exposure to

radiation and possible radiation injury. The manual is not intended
to be a substitute for adequate operating and emergency procedures
or for proper training of radiography personnel. Because seventy-
five percent of all over-exposure of personnel in the radiography
industry have been linked to failure by the radiographer to conduct

proper radiation surveys, this manual emphasizes the need for

frequent, properly-conducted surveys with reliable instruments. It

is estimated that this manual will be published in Spring 1973.

A draft standard of high interest is the Radiological Safety

Standard for the Design of Radiographic and Fluoroscopic Industrial

X-Ray Equipment. This standard will provide guidelines specific to

the radiation safety aspects of the design of industrial x-ray equip-

ment operating at energies below 1 MV, for radiographic and fluoro-

scopic applications, wherein the x rays are generated by electronic

means. The stated objective of the standard, which is to minimize

the exposure of persons to x radiation from these particular types
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of equipment, will be achieved in part by the design of industrial
x-ray equipment with appropriate controls, warning displays, adequate
interlocks, shielding (where necessary) and operating instructions.
Requirements for MPD values are in accord with those specified in
Handbook 93 for the various classes of installations. A section on
quality control procedures is included, and an appendix provides
guidelines for making measurements to determine whether performance
is in compliance with the standard's requirements and NCRP
recommendations. This particular draft standard was recently circulated
for ballot within Subcommittee N43-7 and should be submitted to
Committee N43 in the near future.

This paper has attempted a brief description of existing and
near-future ANSI voluntary standards that relate to radiation safety
in industrial applications, as summarized in Table 4. It does not
include a description of all activities within Committee N43, nor of

all ANSI standards relating in some manner to radiation safety, since
this would require considerably more time than the amount allotted.
I would like to close with a request that those in the audience who
are users of voluntary standards-and I certainly hope most of you
are-will please let us know of your problems interpreting them and
your suggestions for improvements.

Table 4

Summary of Relevant ANSI Standards

Designation Title or Subject

Existing
Z54. 1-1963 Safety Standard for Non-Medical X-Ray and Sealed

Gamma-Ray Sources (HB 93)

N5. 10-1969 Classification of Sealed Radioactive Sources

N43. 1-1969 Radiological Safety in the Design and Operation on

Particle Accelerators (HB 107)

N43.2-1971 Radiation Safety for X-Ray Diffraction and

Fluorescence Analysis Equipment (HB 111)

Near Future

N43. 3-1972 Manual of Good Safety Practices for Industrial

Gamma Radiography
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N43. 4-1972 General Safety Standard for Installations Using
Non-Medical X-Ray and Sealed Gamma Sources
(revision of Z54.1)

Radiological Safety Standard for the Design of

Radiographic and Fluoroscopic Industrial X-Ray
Equipment
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DISCUSSION FOLLOWING MR. EISENHOWER'S PRESENTATION

MR. BERK (Frankford Arsenal) : Your paper has been probably the
most informative of all the papers given here on the availability of
standards in our field. I would like to know whether the ANSI standards
are based upon the NBS Handbook, or whether you need both of them
now. Is NBS Handbook 93 more complete then the ANSI standards?

MR. EISENHOWER: Let me first explain that NBS Handbook 93 is an

ANSI standard. It's not an NBS standard.

MR. BERK: We’ve used this in the past as a guideling for

x-ray equipment. We quoted the classification based on the NBS Handbook.

MR. EISENHOWER: It’s officially ANSI Standard Z54.1 published
by NBS as Handbook 9 3.

MR. BERK: The other thing I would like to know is, where can I

get these ANSI standards?

MR. EISENHOWER: The ones that are published by NBS as Handbooks
can be bought from the Government Printing Office. N-5.10, I think,

has to be bought from the Institute of Chemical Engineers. The ones

that are ANSI documents, strictly published by ANSI, can be bought
from ANSI. There is an ANSI catalog of all the standards that have

been approved by ANSI. The catalog also includes international standards.

MR. BERK: Can I get this catalog from the National Bureau of

Standards?

MR. EISENHOWER: No. You would have to get that from ANSI. They

give it away.

MR. BERK: What is the address of ANSI?

MR. EISENHOWER: It's 1430 Broadway, New York, New York, 10018.

It's the American National Standards Institute. They put out a catalog

every year of current standards.
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The purpose of this paper is to discuss Atomic Energy Commission
policies and procedures for licensing and regulating the industrial
uses of radioisotopes. Since an attempt to cover all aspects of
the Commission's licensing process in a brief talk would serve to
confuse rather than enlighten, I propose to limit my discussion to
a brief review of the following areas: 1) the source and limitations
of the Commission's regulatory authority and the provisions for delegating
some of this authority to the States, 2) the regulations which are
directly applicable to the industrial use of radioisotopes, 3) the
different types of authorizations under which radioisotopes may be
possessed and used and the users' obligations under each type of
authorization, 4) the Commission's program for evaluating sealed
sources and devices and 5) the Commission's procedures for keeping
the public informed. I then propose to briefly discuss the processing
of license applications and how the applicant can insure expeditious
handling of his application.

REGULATORY AUTHORITY

The Commission's authority to regulate the use of radioisotopes
is derived from the Atomic Energy Act of 1954, as amended. Section
161 of the Act provides broad authority for regulation by stating
in part, "in the performance of its functions the Commission is

authorized to — 'b.' establish by rule, regulation, or order such

standards and instructions to govern the possession of special
nuclear material, source material, and byproduct material as the

Commission may deem necessary or desirable to promote the common
defense and security or to protect health or to minimize danger to

life or property."

Under the Act the Commission has authority to regulate source
materials (natural uranium and thorium) , special nuclear material
(Pu, U-233, or uranium enriched in the isotope 233 or 235), and

byproduct material (radioisotopes yielded in or made radioactive in

the process of utilization of special nuclear material such as might

occur in the operation of a nuclear reactor)

.

The Commission does not have authority to regulate naturally
occurring radioactive materials (e.g. radium) accelerator produced
radioisotopes (e.g. cobalt 57) or machine produced radiation
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(e.g. radiation resulting from the operation of an accelerator or
an x-ray machine). However, it should be noted that the Commission's
regulations (Section 20.1(b), Title 10, Code of Federal Regulations,
Part 20) , do require that exposure to unlicensed radioactive materials
and other unlicensed sources of radiation in the possession of a

licensee and the radiation therefrom when added to the exposure from
licensed material must not exceed the limits prescribed in the AEC
regulations

.

The Commission has authority to enter into agreements with the
state governments whereby the state assumes licensing and regulatory
jurisdiction over the use of radioisotopes and certain other nuclear
materials within the state. To enter into an agreement with the

AEC, the state must demonstrate that it has a regulatory program
compatible with the Commission's program and that it has appropriate
technical capability to operate the program. A condition of the
agreement is that both the AEC and the state put forth their best
effort to maintain continuing regulatory compatibility. The AEC
has so far entered into agreements with 24 states. These states
are listed below in Table 1. Most state programs include regulatory
control over naturally occurring radioisotopes and machine produced
radioisotopes and radiatioji as well as those materials normally
controlled by the Commission.

TABLE 1

AGREEMENT STATES

Alabama Kansas New York

Arizona Kentucky North Carolina

Arkansas Lo uisiana North Dakota

California Maryland Oregon

Colorado Mississippi South Carolina

Florida Neb raska Tennessee

Georgia Nevada Texas

Idaho New Hampshire Washington
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REGULATIONS

The Commission’s regulations which apply directly to the industrial
use of radioisotopes are listed in Table 2 below:

TABLE 2

REGULATIONS APPLICABLE TO INDUSTRIAL USE OF RADIOISOTOPES

10 CFR Part 20

10 CFR Part 30

10 CFR Part 31

10 CFR Part 32

10 CFR Part 33

10 CFR Part 34

10 CFR Part 36

10 CFR Part 40

"Standards for Protection Against Radiation"

"Rules of General Applicability to Licensing
of Byproduct Materials"

"General Licenses for Byproduct Material"

"Specific Licenses to Manufacture, Distribute,
or Import Exempted and Generally Licensed
Items Containing Byproduct Material"

"Specific Licenses of Broad Scope for
Byproduct Material"

"Licenses for Radiography and Radiation
Safety Requirements for Radiographic Operations"

"Export and Import of Byproduct Material"

"Licensing of Source Material"

10 CFR Part 70 "Special Nuclear Material"

The general health and safety regulations contained in 10 CFR
Part 20 apply to all persons who possess source, special nuclear or
byproduct material under a license from the Commission. Part 20

establishes limits on maximum permissible exposure of radiation workers
and members of the public to external radiation and to concentrations
of radioactive material in air and water. It also establishes standards
concerning the amount of radiation and the concentrations of radioactive
material which a licensee may release to the environment. In addition
to meeting specific standards, the licensee must assure that all

exposures to personnel and releases to the environment are as low as

practicable. Other provisions prescribe requirements for personnel
monitoring, protective equipment, caution signs, labels and signals,
waste disposal, storage of licensed material, instruction of personnel
on safe procedures for handling the material, and records and reports.
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The standards are based upon the recommendations of recognized
technical authorities including the National Committee on Radiation
Protection (NCRP) , the Environmental Protection Agency (EPA)

, and the
former Federal Radiation Council (FRC)

, and reflect the Commission's
experience in its own extensive operations. The standards are subject
to change with additional experience and the development of new or
revised standards by recognized technical authorities.

The basic criteria for issuance of byproduct material licenses
are contained in 10 CFR Part 30. This regulation explains in broad
terms the types of licenses available, the general requirements for
issuance of licenses, the terms and conditions of licenses, the types
of records which must be kept, and the enforcement action which can
be taken with respect to modification or revocation of licenses.
The criteria for issuance of source and special nuclear material
licenses are contained respectively in 10 CFR Part 40 and 10 CFR
Part 70.

Some types of operations present special licensing problems
and are covered under regulations designed specifically for a certain
field of use. A good example of this is industrial radiography.
Industrial radiographic operations present a special problem because
they involve numerous manipulation of large (multicurie) radioactive
sources usually under adverse working conditions, by persons with
minimal formal training and experience in the use of radioisotopes.

In 1965 a separate regulation (Title 10, Code of Federal Regu-
lations, Part 34) was published specifically to cover industrial
radiography operations . Among other things

, this regulation requires
that the applicant (1) have a program for training radiographers
and radiographers' assistants. (The training program must include
provisions for initial training, periodic training, and on-the-job
training and must include a method for determining the radiographer's
knowledge and understanding of Commission regulations and licensing
requirements) ; (2) provide radiographic personnel with detailed operating
and emergency procedures covering all phases of the radiographic
operations, and (3) have an established management control for receipt,
possession and use of all radioactive materials utilized in the radiography
program.

LICENSING PROGRAM

The Commission's regulatory program is designed to assure the

safety of radiation workers and the public and to protect the

environment while at the same time avoiding unnecessary restrictions
on the licensee. This program is implemented through a system of

licensing. Within this licensing system, there are three separate
categories under which radioisotopes may be possessed.
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1. Specific Licenses

The use of byproduct, source or special nuclear material may
be authorized under a specific licenses issued by the Commission.
Such a license is issued after a detailed evaluation of a formal
request from an applicant requesting such authorization. A
principal purpose of the licensing procedure is to enable the
Commission to determine that:

(1) radioactive materials will be used for purposes authorized
by the Act,

(2) the applicant's equipment and facilities are adequate to
protect health and minimize danger to life and property,
and

(3) the applicant is qualified by training and experience to
use the material for the purpose requested in a manner
which will assure the safety of his employees and the public
and protect the environment.

The information required of the applicant is designed to provide
the Commission with sufficient knowledge of the proposed program
to make these determinations.

In connection with the license application, a pre-licensing
visit is made to the applicant’s premises when it is necessary
to make an on-the-spot evaluation of the facilities, equipment,
and radiation safety program and to discuss licensing procedures.
A license is issued if the facilities and equipment, training
and experience, and operating procedures of the applicant appear
adequate from the radiation protection standpoint for the types,
levels of activity, and proposed uses of the radioactive material.

Institutions which can demonstrate extensive competence in

safe handling of radioactive materials, a capability for monitoring,

their own radioisotopes program and a need for more flexibility
than is usually allowed under an AEC license may apply for

what is called a specific license of broad scope. There are

three categories of such licenses, each with different allowable

possession limits for radioisotopes. These are described in

10 CFR Part 33. Normally a radiation safety committee or radiation

safety officer selected by the licensee and approved by the

Commission is given authority to review and approve changes

in the radioisotopes program within broad parameters specified
under the license. This gives the licensee considerable flexibility

in administering his program.



260

2 . General Licenses

In some cases it can be demonstrated that a device containing
radioactive material can, if certain minimal precautions are
observed, be safely used for specific purposes by persons not
trained in radiation protection. Such devices can be obtained
and used under the provisions of a general license written
directly into the regulations. General licenses appear in
Title 10, Code of Federal Regulations, Parts 31 (byproduct
material), 40 (source materials), and 70 (special nuclear materials).
A person automatically becomes a general licensee by virtue
of that section of the regulations containing the general license.
No application to the Commission is required and no specific
document is issued. However, the general licensee is required
to comply with AEC regulations as specified in the general
license and is subject to sanctions in the event he misuses
the device.

Since this type of licensing involves no Commission evaluation
of the licensee's program prior to starting operations, radiation
safety is dependent to a large extent on the design of the

device. Regulatory control is exercised through the distributor
who must have a specific license from the Commission authorizing
distribution to general licensees. This distributor is required
to assure the Commission that all devices will be manufactured
and tested in accordance with specifications furnished the
Commission. He is also required to notify general licensees
of their obligations and report to the Commission all transfers
of these devices to general licensees. These reports must include
the names and addresses of all recipients. General licensees
and the distributors of general licensed items are subject to

the Commission's inspection programs.

3. Exemptions

Exemptions from licensing requirements are based primarily
on a determination by the Commission that the exempted classes
or quantities of material or kinds of uses or users will not
constitute an unreasonable risk to the common defense and security
or to public health and safety. Users of exempt quantities
of radioisotopes or devices incorporating such radioisotopes
are not subject to any AEC regulations. Radiation safety is

completely dependent on safety features built into the device
or on restrictions on the amount of radioactive material which
can be distributed or used. Distribution of radioactive material
to persons exempt from regulatory authority can only be made
by persons who have specific licenses from the Commission authorizing
such distribution.
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The distributor is required to assure the Commission that all
items are manufactured and tested in accordance with specifications
furnished the Commission and is required to report on an annual
basis the number of items and total activity distributed to

exempt persons.

Each licensee, whether he be a specific or a general licensee, is

subject to inspection by the Commission. He must afford the Commission,
at all reasonable times, opportunity to inspect radioactive material
under his control. Each licensee must also make available to the
Commission for inspection, upon reasonable notice, records kept by him
pursuant to regulations and to the conditions of his license. Although
most inpsections are scheduled visits, some are made on an unannounced
basis. Inspection visits usually entail a comprehensive review of

licensee’s equipment, facilities, procedures and include monitoring
of actual operations and interviewing the personnel directly involved
in the operations. This type of review usually provides data sufficient
to determine whether or not the licensee is in compliance with the
provisions of the license.

The Commission may modify or revoke the license of any licensee
who is not equipped to observe, or fails to observe, safety standards
established by the Commission, or who uses such material in violation
of law or regulation of the Commission, or in a manner other than as

disclosed in the application approved by the Commission. The AEC

also has authority to impose civil monetary penalties in its enforce-
ment program. An injunction or other court order may be obtained
prohibiting any violation of any provision of the Act or any regulation

or order issued under the Act. Any person who willfully violates a

provision of the Act or any regulation or order issued under the Act

may be guilty of a crime and, upon conviction, be punished by a fine,

or imprisonment, or both, as provided by law.

EVALUATION OF SOURCES AND DEVICES

Many industrial operations involve the use of sealed radioactive

sources in commercially available devices. The safety features designed

into such sources and the devices are an important consideration in

determining whether, and under what conditions the applicant can

safely handle the radioactive material. Therefore, the Commission

requires complete information concerning the design, construction,

and testing of such sources and devices before licenses are issued

authorizing their use. Although the applicant is responsible for

supplying the Commission with this information (as well as other

information necessary to support his application) , the Commission,

as an administrative convenience encourages the manufacturer or

distributor to submit this information directly to the Commission.

The source and/or device is then pre-evaluated and a summary sheet
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prepared and distributed to other regulatory groups including the
24 Agreement States. This eliminates the need for multiple evaluations
of the same source or device and the delays which could result if
the technical evaluation of the device had to be conducted concurrently
with the evaluation of the license application.

The manufacturer or distributor is required to submit the
following information concerning sealed sources and devices:

1. Identification by model number or other specific model
designations

.

2. A description of the proposed use or uses which identifies
the expected environments and operating conditions.

3. Details of construction including all materials used,
dimensions, methods of fabrication, and in the case of
devices, the means for mounting the source (or source
holder) in the device.

4. For each device a radiation profile describing radiation
levels external to the device when the device contains the
maximum amount of radioactive material for which it is

designed.

5. If a device is to be permanently mounted, a description of
the manner in which the device is to be installed. This
should include a description of any extra shielding or

limited accessibility inherent in the type of installation.

6. A description of tests performed on prototype sources and/or
devices that establish the ability of the radiation safety
design features of the source or device to withstand the

most adverse conditions of use to which it is likely to be
subjected.

7. A description of the quality control procedures to be
followed to assure that each finished device meets the

specifications furnished to the Commission.

8. Facsimiles of the labels to be attached to the source or

device and a description of how and where the labels will
be permanently attached.

9 . A copy of the radiological safety instruction sheet or

manual to be furnished with each device. This should include:

(a) specific instructions for safe operation and maintenance

of the device, (b) recommended procedures to minimize the
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radiation hazards in case of damage or malfunction of
the device, (c) a radiation profile of the device
describing radiation levels external to the device, and
(d) if applicable, a warning against tampering with or
modifying the device or unauthorized removal of the source
contained in the device.

10. The type and extent of the services that will be offered to
the customer (e.g., radiation survey at the time of instal-
lation, repair, replacement, relocation, etc.).

KEEPING THE PUBLIC INFORMED

The Commission keeps interested members of the public and public
authorities informed as to its regulatory program. As provided in
the Commission's Rules of Practice and in accordance with the require-
ments of the Administrative Procedure Act, the public is given an
opportunity to participate in the issuance and amending of the
Commission's regulations. Under some circumstances, new regulations
and amendments may be made effective immediately upon publication.
Normally, however, new regulations and amendments are not made effective
until Notice of Proposed Rule flaking is published in the Federal
Register and the public is afforded an opportunity for comment. Any
interested person may petition the Commission to issue, amend, or
rescind any regulation. Petitions may be submitted pursuant to Section
2.802, Title 10, Code of Federal Regulations, Part 2.

Except as specifically provided for in AEC regulations, corres-
pondence or portions of correspondence to and from the AEC regarding
the issuance, denial, amendment, transfer, renewal, modification,
suspension, revocation or violation of a license, permit, or order,
or regarding a rule making proceeding will automatically be made
available for inspection and copying in the AEC's public document
room. A specific request for withholding of particular documents
may be made pursuant to Section 2.790(b), Title 10, Code of Federal
Regulations, Part 2. However before information can be withheld,
a determination must be made that disclosure of the information is

not required pursuant to 10 CFR Part 9, is not required in the public
interest and would adversely affect the interest of the applicant.

In those types of licensing procedures where experience has
shown exceptional public interest, the Commission prepares and

publishes a staff analysis of the safety considerations involved
in review of the application and the basis for the staff's conclusions.

Such memoranda are routinely published, for example, in connection
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with applications for licenses authorizing commercial disposal of
radioactive materials, operation of reactors, and fuel cycle plants.

Persons whose interests may be affected by the proceeding may
intervene in licensing proceedings before the Commission and may
request a hearing. In a number of situations, public authorities
and private individuals have intervened and have been heard. In other
proceedings, advantage has been taken of the opportunity afforded by
the Commission's Rules of Practice to make statements on the issues
involved in such proceedings without formal intervention. Depending
upon the nature of the particular licensing proceedings and the
significance of the public health matters involved, appropriate
notices are published in the Federal Register and furnished to
interested local agencies.

PROCESSING OF LICENSE APPLICATIONS

Applications for Byproduct and Source Material licenses should
be submitted on Forms AEC-313 and AEC-2 respectively. There is no
specific form for submitting application for Special Nuclear Materials
licenses. However, such applications must be filed in accordance
with Section 70.21, 10 CFR 70. Requests for amendment for renewal
of licenses should be submitted in the same manner. Information
submitted previously to the Commission may be incorporated into an

application by reference. However, each reference must be clear and
specific and the referenced information must apply to the program
for which the applicant requests licensing. Requests for renewal
of licenses must be complete and must reflect the present status
of the program under license.

The Materials Branch which processes applications for industrial
uses of radioisotopes receives over 600 requests for licensing
action each month. Of these approximately 10% are requests for new
licenses, 50% are requests for amendments of existing licenses and

40% are requests for renewals of existing licenses. Because of the

large volume of applications and the resulting backlog, it takes 3

to 4 weeks on the average to process an application. This assumes
that the application has been properly prepared. If the application
has not been properly prepared, additional time (sometimes extending
into weeks or months) can be taken up with correspondence to and

from the applicant in an attempt to get sufficient information so

that review of the application can be completed.

When an applicant submits a poorly prepared application he is not

the only one who is inconvenienced. Extra time spent by a license

reviewer in processing a poorly prepared application is time he could

have been spending reviewing other applications. Since attempting to
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process an obviously deficient application results in a disservice
to all applicants, the AEC will, as a matter of policy, refuse to
process such application. Such applications will either be denied
or returned to the applicant for resubmittal.

In April 19 72, there was a major reorganization of the AEC
regulatory staff. The principal feature of the reorganization was
the establishment of three major units, a Directorate of Regulatory
Standards, a Directorate of Licensing, and a Directorate of Regulatory
Operations to carry out the functions formerly performed by the seven
regulatory divisions. All AEC activities relating to the development
of standards have been consolidated in the Directorate of Regulatory
Standards. All inspection and enforcement programs have been consolidated
in the Directorate of Regulatory Operations. The Directorate of

Licensing has responsibility for all activities related to staff
evaluation and processing of license applications. This Directorate
is divided into three units. Reactor Projects, Fuels and Materials,
and Technical Review. The Materials Branch is part of the Fuels and

Materials Unit under the Deputy Director for Fuels and Materials.

The purpose of this reorganization was to increase the Commission’s
efficiency and effectiveness in carrying out its licensing function.



266

DISCUSSION FOLLOWING MR. MALARO'S PRESENTATION

MR. GUNDAKER: How many people are on your staff to review
these 600 reports a month?

MR. MALARO: We have 15 people - 12 professionals and 3

secretaries

.

MR. GLASSER (Nuclear Associates, Inc.): At present you require
a certain fee, for licensing of industrial radiography. When a person
pays this fee—to the Atomic Energy Commission will the other States
recognize this fee, or is there a possibility for one operating in
an Agreement State, that they can also tack on the same type of
operating fee? Have you made arrangements with the States where they
won't charge the same fee again?

MR. MALARO: No, we made no arrangements with the States. If you
get a license from the Commission, you can operate in any of these
Agreement States under reciprocity agreement with those States up to
a period of 180 days in any calendar year. If you need to operate
longer than that in an Agreement State, they you're required to get a

license from that State. For example, let's suppose that you're located
in New Jersey and you get a license from the Commission. You can go to

the State of California and operate for up to 6 months. Under recipro-
city, California allows an AEC license. If you're going to operate
any longer than 6 months in California, you must get a California
license. I picked out California because they have a fee system. If
you apply for a license in the State of California, they will charge
you a fee for their license in addition to any fee you pay for the
Commission license. But normally, if you operate in all the States,
you will normally operate under reciprocity from a license issued
by the Commission.

MR. BERK (Frankford Arsenal) : If an agency or a company has

a fluoroscope license and they wish to obtain radioactive materials,
and the atomic number is greater than 93, do you have to get a

special license or can you use your broad scope license?

MR. MALARO: The broad scope licenses are narmally written for

atomic numbers from 3 to 83. There are some licenses that have been
written that cover atomic numbers up to 104. But normally this is

not the cause because when you get over 93, you're into the area of

very high toxicity alpha emitters. If you have a license of broad

scope, you would probably have to get an amendment to it to handle the

materials of atomic numbers above 93.
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MAJOR FURTADA (Air Force Radiological HeAlth Laboratory)

:

You stated that distrubutors of general licensed products have to

submit a quarterly report indicating to whom they wold the products.
Is this information put to any useful purpose, and is it available
to people who are intrested in buying these products?

MR. MALARO: To answer your first question; it is put to useful
purposes for two reasons. First of all, we do periodically inspect
general licensees. Normally not as a check on the general licensees
but as a check on the distributors to make sure that he is informing
the general license of his obligations. That he is for example,
gages—installing equipment properly. We also want to keep track of
these devices in case there is a problem with them. We then have an
easy handle on recalling. Now as far as the availability, most of

these quarterly reports are available. Some of them are not. There
are some companies who have specifically requested that we keep their
reports proprietary. For the simple reason that he has a beautiful
customer list in his files and he wouldn’t want to give it out to

his competitors.

ERIC CLARKE (Technical Operations, Inc.): My question has to

do with the manufacturer of devices who lives in an Agreement State.
If the Agreement State reviews his device and a user in a non-Agree-
ment State wants to use it, what does the Commission do about getting
that information?

MR. MALARO: In that case the procedure that I described for

sources and devices works in the other direction. As I said, we
evaluate a device. We submit a summary sheet to the Agreement
State. The Agreement States do likewise. For example, if a radio-

graphy camera is produced down in Louisiana, the Louisiana people
look at it. They write a summary sheet up and send it to us.

Normally we do not ask for additional information from the licensee.
In other words, we accept the sheet from the State that evaluates
the device.

MR. CLARKE: That represents the exercise of some judgement on

the part of the States then. Do you accept that too?

MR. MALARO: Yes we do. I’d like to state one other word in that

regard. That is, when we enter into an agreement with the State,

we make a determination that the State has the technical competency

to carry out a program comparable to our own. And in addition to that,

we periodically, I thin it’s on a 12 or 14 month basis, go out and

review the State programs. We have a special State Licensee Branch
whose function primarily is to coordinate State programs. I think the

answer to your question is yes, we do rely on the competency of the

State people.
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MR. BERK: In your sealed source requirement for leak testing,
you have five thousandths of a microcurie as the magic number. Is

there any reason why you picked this number for sealed sources?

MR. MALARO: No. The number is pretty much an arbitrary number.
It's a number that’s low enough so that we can detect the leakage
early. And at the same time it’s a number high enough that you don’t
have to buy extremely sophisticated equipment to be able to measure
it.

MR. JAMES GIBSON: I understnad that Title 10, Part 20, is being
revised now and was wondering, is there going to be any earth-shaking
changes that I have to go back and warn my people about?

Ml. MALARO: I wouldn’t think so. I don’t think that there is
going to be anything earth-shaking in Part 20. I think the revisions
are going to be more administrative type procedures , and there
might be some delay until we get through revising it. I don’t think
there’s anything that you would have to be overly concerned about.

MR. WEILER: You indicated that on devices of sealed sources, the
Agreement States and the AEC work very closely so thate is no dupli-
cation. If you had a licensee that first has an AEC license, or the
person has an Agreement State license, do you also, let’s say in
the efficiency manner, accept the licensee’s operating instruction data
if the Agreement State has already approved it? Or, if the licensee
has an AEC license, will the Agreement States accept it? In other
words, do you have reciprocity and compatibility in respect to all
operating licenses?

MR. MALARO: The answer to your question is no. That’s a simple
anser and I’ll tell you why. In the case of a source in a device,
once the device is built its the same device that is going to be

distributed regardless of whether it is distributed in one State
or another. A man who has a license let’s say from the State of

Texas, may have operating emergency procedures which are applicable
to the program in that State. He may, for example, have a fixed
facility in the State. In addition to this, he may have field operations.
The procedures that he needs to give his people that work outside of

the State may be all togehter different. It may be the same. I’m
not saying that they have to be. But they may be all together different.
I’ve seen particular cases, for example, where a person tried to

operate in non-Agreement States with procedures that were so specific
to fixed facilities and to State regulations that they would serve
more to confuse his people than to enlighten them. So we take a separate
look at operating emergency procedures. We don’t accept them on a

reciprocity basis the same way we would the evaluation of a device.
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INDUSTRIAL RADIATION PROTECTION UNDER THE
RADIATION CONTROL FOR HEALTH AND SAFETY ACT

Malien. E. Gu.ndak.eA

RobeAt L. Elden, Sc.V.
BuAe.au o& Radiological Health

Rockville., Md.

INTRODUCTION

This paper will describe briefly the current activities of the
Bureau of Radiological Health, Food and Drug Administration, to
carry out the requirements of the Radiation Control for Health and
Safety Act as it applies to industrial radiation equipment. The
provisions of the Act and the Regulations published subsequent to
it will be discussed, with emphasis on the radiation safety performance
standards that will directly affect industrial radiation protection.

SCOPE OF THE ACT

I would like to introduce this presentation by describing brief-
ly the scope of the Radiation Control Act and its major provisions.
From this review and a later discussion of some of our specific
activities, I believe you will see that the Act is a vital link in
improving radiation protection for industrial workers.

The Radiation Control for Health and Safety Act, Public Law
90-602, became effective on October 18, 1968, after more than 14

months of extensive hearings involving numerous representatives
of government, industry, and the public. Its passage marked the
beginning of a new era in the relationship between Federal health
authorities and the $25 billion electronic products industry.

The provisions of the Act apply to all electronic products
manufactured or assembled within or imported into the United States
and its territories on or after October 18, 1968. The term
"electronic product" can be briefly defined as any manufactured
electronic device which is capable of emitting electronic product

radiation, or any manufactured article intended for use as a

component of such a device which can affect the emitted radiation.

"Electronic product radiation," as defined by the Act, includes

both ionizing and nonionizing electromagnetic and particulate

radiation as well as sonic, infrasonic, and ultrasonic waves. The

broad scope of these definitions is necessary in order to cover

effectively the wide range of complex, radiation-emitting electronic
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products that are commercially available for consumer, medical,
industrial and research applications. Because most radiation sources
used by industry are electronic products, the Act has a direct effect
on the manufacturers of these products.

The primary responsibility for implementing and enforcing the
provisions of the Act has been delegated to the Food and Drug
Administration’s Bureau of Radiological Health. This responsibility
entails the establishment of an electronic product radiation control
program that involves both formal regulatory activities and a variety
of efforts in basic research and development. The law specifically
directs the Secretary of HEW to study the conditions of exposure
to electronic product radiation and the resulting biological effects.
The Bureau also has established and is maintaining liaision with
interested persons both inside and outside of government and is

supporting research and training in methods of minimizing unnecessary
exposure to electronic product radiation. While these general activ-
ities are of considerable importance in their own right, they are
intended primarily to support the central purpose of the law, which
is to regular and control the emission of electronic product radia-
tion which represents a hazard to human health and safety.

The principal regulatory authorities provide the Bureau of Radio-
logical Health the power to require manufacturers of electronic
products to correct any defects relating to the (radiation) safety
of use of their products, and the authority to establish and enforce
radiation safety performance standards for specific types of
electronic products. These are the main regulatory powers used
by the Bureau in administering its electronic product radiation
control program. However, in order to facilitiate this effort, the

Bureau also has the authority to require manufacturers of electronic
products to maintain testing and distribution records, submit
various reports, and, if good cause is shown, permit inspection of
their manufacturing facilities. The detailed regulations for imple-
menting the Act and all performancy standards under it are published
in Title 42, Part 78 of the Code of Federal Regulations.

Defect Provisions

The FDA Bureau of Radiological Health conducts a program of

electronic product regulatory enforcement for the purpose of assuring
that all radiation safety defects which arise are adequately corrected.

This section of the law governs all products for which there are no

regulatory performance standards. A defect is considered any failure

of a product to meet its radiation safety design specifications, or

the emission of radiation which creates a risk of radiation injury

unnecessary to accomplish the intended purpose of the product. This

program includes identification and verification of product defects;

close review of a manufacturer's notification of defect; evaluation
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of the seriousness of each situation; formulation of a practical
solution or corrective action to be initiated; and the supervision
of implementation of the corrective action program by the manufacturer
to its completion.

The following sequence of events has normally occurred in de-
fect compliance actions taken by the Bureau. After the Bureau and
manufacturer have both became aware of the suspected defect through
correspondence and other communications, the manufacturer is provided
with an opportunity to substantiate that no defect exists or that
it presents no significant risk of injury. Where corrective action
is required, the manufacturer is required to present his proposed
plan to the Bureau along with any correspondence which he intends
to send to users, dealers, distributors, and others notifying them
of the problem and correction program. In addition, the manufacturer
must fully describe the scope of the product defect problem including
numbers of units involved and their locations.

The correction plan and accompanying correspondence are reviewed
by the Bureau in light of the intent of the Act and regulations.
When the Bureau is assured that the corrective action will satisfac-
torily eliminate the defect, the manufacturer is permitted to commence
implementation of his plan. Corrective action plans that have been
approved by BRH are usually implemented in one of the following

manners

:

(1) Corrections are made to the products indirectly.

(2) Dealers and distributors are instructed in proper

correction procedures and requested to perform necessary

repair or modification. All costs are borne by the

original manufacturer.

(3) If repair is not possible or feasible, the product must

be replaced or a cost refund to the consumer can be

required.

Throughout the correction program, the Bureau monitors the

progress of the corrective action program. After the manufacturer

has notified the Bureau that the corrections have all been completed,

an audit check of a sample of the products is arranged to verify

that the program has been satisfactorily performed. If, on the

basis of the audit verification, it is determined that the corrective

actions have been adequately completed, the compliance case is then

closed, and the manufacturer and all State radiological health

programs are notified.
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Development of Performance Standards

The second principal regulatory authority under the Radiation
Control Act requires the Bureau to establish and enforce radiation
safety performance standards.

Performance standards may be prescribed for electronic products
if the Secretary of HEW determines that such standards are necessary
for the protection of the public health and safety. The standard
may include a definition of the maximum level of radiation emission
permissible from an electronic product and may include requirements
for the testing of the product and the measurement of their electronic
product radiation emissions in order to determine compliance with the

performance requirements . It may also require the attachment of warning
signs and labels and the requirement for instructions for the installation,
operation, and use of such a product.

The Bureau determines the need for a performance standard from
many factors, including the results of biological effects investiga-
tions, products studies, and reports of potential or demonstrated
hazards associated with a type of radiation or a specific product.
When the identification of a problem area indicates the need for a

performance standard, detailed laboratory investigations are re-

quired from both the engineering and bioeffects viewpoints to develop
specialized professional expertise in the area. Basic laboratory
studies provide the BRH with the capability to understand thoroughly
the manufacturer's product and the radiation it emits and to develop
a standard that is reasonable, technically feasible, and enforceable.

Considerations are given to the latest available scientific and
medical data; to the standards currently recommended by other Federal
agencies or public or private groups having an expertise in the
particular field of electronic product radiation; to the adaptability
of standards to the need for uniformity and reliability of testing
and measuring procedures; and in the case of components or accessories,
the performance of this article when it is assembled in a completed
product.

Although there are many reasonable voluntary standards that

could be adopted, the law requires BRH to also state the methodology
of determining compliance with a regulatory standard. Generally,
voluntary radiation standards do not state methods of determining
compliance with the standard. Thus, the BRH has had to invest quite
heavily in developing new measurement techniques and criteria which
were unavailable prior to the passage of the Act.
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Early in the development of BRH performance standard, there is

prepared a rationale document which reflects the need for the standard,
from the standpoint of engineering and bioeffects considerations, and
the basic concepts for assuring radiation safety. This document is

progressively expanded in conjunction with the development of the
standard to include the scientific and technical bases and other
criteria in support of the requirements proposed in the draft standard.
When the standard has been developed to a point where it is both
useful and technically feasible and its provisions are definitive, a

draft Federal performance standard is prepared. This draft standard
includes all definitions, all performance provisions, such as emission
limits and other required electrical or mechanical requirements which
affect radiation safety, and all test procedures that are to be a part
of the final standard.

Section 358(f)(1)(A) of the Act provides that the Secretary of

HEW must consult a Technical Electronic Product Radiation Safety
Standards Committee (TEPRSSC) which represents the public and private
sectors concerned with the technical aspects of electronic product
radiation safety. This committee is consulted prior to the promulga-
tion of a standard at one or more of its meetings. After a review of

the draft standard within TEPRSSC and upon receipt of their advice,
and after possible revision the proposed performance standard is

published for comment in the Federal Register. It should be emphasized
that prior to this publication of the performance standard for official
comment, consultations with concerned individuals and organizations
have been solicited through every possible channel. Every written
comment or stenographic record of industrial meetings is retained in

a public file which is included in the documentary record of the

standard. Publication of the proposed standard in the Federal Register
provides an opportunity for additional comment, and these comments and

criticisms are carefully analyzed for validity and, where appropriate,

changes are made in the proposed standard. A public record is maintained
of the analysis and action in response to these comments.

In summary, the chain of events for the development of a stan-

dard includes identification fo the problem; delineation of the need

for a standard through concurrent bioeffect, product, and other

laboratory evaluations; studies of impact and technical feasibility;

preparation of a draft standard, including significant associated test

procedures and laboratory capabilities; review by a formally constituted

committee (TEPRSSC) ; and publication of the standard for comment in the

Federal Register. All of these events occur in the open forum of the

technical community with user and manufacturers cognizance. Appeal

procedures providing for remedy are available for protection of

adversely affected persons.
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STANDARDS IN EFFECT AND BEING PREPARED

Having reviewed briefly the process used to develop a radiation
safety performance standard, I would like to now discuss the standards
in effect under the Act and those being prepared.

Performance standards are now in effect for television receivers.
Cold Cathode Gas Discharge Tubes, and Microwave Ovens. Each of these
consumer product requirements was developed in response to clear evi-
dence of a public health hazard.

I should point out that at the onset of the control program estab
lished by the Bureau, it was decided that, when possible, spectrum
or class standards would be promulgated in lieu of specific product
standards. Thus, similar products were grouped for regulatory control
For example, the standard for microwave ovens applies to units man-
ufactured for use in homes, restaurants, food vending, and similar
facilities

.

The television standard covers home television receivers, closed
circuit projection television receivers and video monitors, with no

distinction from monochrome or color receivers. Most electronic
product classification schemes would consider this standard covering
eight different products. Also, this one standard effects the com-
ponents in the receiver that can emit hazardous ionizing radiation,
for to meet the assembled product standard the components were
substantially improved by the manufacturers.

A performance standard for medical diagnostic x-ray systems and
their major components has been published for comment and the
finalized standard was published in the Federal Register on August

15, 1972, with the requirements becoming applicable to these products
on August 15, 1973.

A draft standard for laser products has been developed and
will be discussed with the TEPRSSC during its meeting on September
21-22, 1972, here in Washington. This standard has received
considerable interest and the revised draft that will soon be dis-
tributed for comment contains emission limits for certain classes of

products. Specific requirements are in the standard for laser
products used for surveying, leveling, ranging and alignment and,

thus, it will have an effect on the industrial use of these products.

Other activities relating to the development of performance

standards include a study to determine the need for a standard for

ultrasound emitting products of various types, but concentrating
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initially on medical therapy devices. The measurement capabilities
that are underway will certainly improve our ability to study the
emission of ultrasonic energy from industrial products. Similarly,
the professional and laboratory capabilities are being established
for standards development efforts associated with microwave and
RF diathermy equipment used in the healing arts. A capability related
to accelerator products and non-coherent light (visible and ultra
violet) emitting products is also being developed as a precursor
to the standards development process.

Standard for Cabinet X-ray Systems

The standard that perhaps will have the most interest to this
group is that being prepared for cabinet x-ray systems used primarily
in industry, and I would like to discuss it in some detail.

The standard would apply to nonmedical cabinet x-ray systems
which, as provided by manufacturers, are intended to be independent
of existing architectual walls and ceilings of the installation,
but might utilize existing floors as a part of the system. The size
of cabinet x-ray systems will thus vary from small bench top units

to large room size units. We have proposed this approach since the

health and safety aspects are similar, regardless of size, and there
seems to be no logical basis to set a dimensional limit for the

pufpose of this standard. The larger systems are frequently
positioned directly on existing floors and in those cases where
the existing floor provides a degree of protection, at least equal
to that required by this standard, it is reasonable to consider

that floor to be a part of the cabinet x-ray system for the purposes
of the standard.

The need for this standard was apparent following our laboratory

evaluation of cabinet x-ray equipment, from surveys performed by

BRH and State health inspectors, from accidents and other difficul-

ties discovered from products in use, and from a review of the re-

ports submitted by manufacturers.

Referring briefly to the subject of manufacturer's reports,

information on radiation safety is provided to the Bureau by the manu-

facturers of certain classes of products in the form of initial

reports, model change reports, and annual reports. Products that are

intended to produce x-radiation are included as a class of equip-

ment under these reporting regulations and, thus, a manufacturer

of cabinet x-ray systems must submit to us a description of his

quality control and testing program, information on the voluntary

radiation standards or design specifications that his product complies

with, and other radiation safety data.
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The basic radiation safety concepts for this standard were
discussed with the Technical Electronic Products Radiation Safety
Standards Committee at its meeting on August 4, 1971. Since then
we have visited manufacturers and users of the equipment to assure
ourselves and the public that the draft standard will meet its
intended purpose and that there is extensive input from all
possible sources early in its development.

The principal objectives of the standard are to maintain x-ray
exposures in accessible areas at or below levels considered acceptable
for all persons, and to prevent excessive radiation exposure due to

interlock system failure. The standard will, thus, provide the
necessary radiation safety features of the equipment and at the same
time be quite clear in the methodology of determining compliance with
the standard so that the manufacturers and others will know the
test methods to be employed.

The standard as drafted includes a provision limiting exposure to
less than 0.5 mR in any one hour at a distance of 5 cm from any point
on the external surface of the cabinet. The purpose of this exposure
limit is to maintain radiation exposure to operators as well as others
in the vicinity at a level equal to or less than that generally
considered acceptable and is based upon the assumptions that:

(1) The system will be located in an area which in uncontrolled
for radiation protection purposes, and

(2) Although the system may be operated at the maximum
ratings of the x-ray generation equipment, the actual
workload and occupancy factors under the usual operating
conditions will result in personnel exposures well below
limits recommended for non-occupationally exposed personnel.

Experience has shown that failure of the interlock system has
been a major contributing factor to most accidental exposures associ-
ated with enclosed x-ray systems. The draft standard thus includes
requirements for substantially improved safety interlocks that will
require design changes in currently marketed cabinet x-ray systems.
The intent is to encourage systems that are extremely unlikely to

fail accidentally, since the units are generally used by persons
unfamiliar with radiation hazards

.

Other provisions in the draft standard describe the measurement
and test conditions; consideration to ports and apertures that may
be necessary; requirements for controls and indicators and warning
labels; and the requirement for the manufacturer to provide specific
instructions for the assembly or installation, and use and maintenance
of the system.
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The Bureau’s current plans are to review the status of the develop-
ment of this standard with the TEPRSSC at its meeting on September 21-22,

1972. Following this meeting, copies of the draft standard and documen-
tation report, which describes the rationale for the standard, will be
distributed to manufacturers. State health agencies, and others for
review and comment. Your participation in this review process is sincerely
welcome

.

OTHER INDUSTRIAL RADIATION ACTIVITIES

Unfortunately, time will not permit me to describe in detail the
other numerous Bureau activities in the field of industrial radiation pro-
tection, but I would like to outline several:

(1) A joint survey of industrial x-ray facilities was performed by
the National Institute of Occupational Safety and Health, and the Bureau,
to study the health hazards associated with the applications of x-rays
in quality control and nondestructive testing.

The Bureau's involvement in this study included assisting in the

selection of those industrial x-ray installations to be surveyed; performing
a radiation safety evaluation of the work environment; assess operator
training; and making the radiation measurements. I believe Mr. Karches
in his paper tomorrow morning will discuss this survey in more detail.

(2) The Bureau is actively supporting ANSI and other voluntary
standards setting organizations through assignment of technical liaison
representatives. We are well aware of the value of these groups and the

enormous tasks that are before us.

(3) Assistance is being provided in drafting new model State regula-

tions with specific sections being prepared for accelerator safety,

analytical x-ray equipment safety, and industrial radiography.

(4) The Bureau has conducted and will continue to investigate the

industrial and consumer uses of microwave equipment including small boat

radar, conveyorized microwave dryers and similar products.

From noting these items, I hope you will be left with the thought

that the Bureau of Radiological Health is not only concerned with the

enforcement of the regulations under the Radiation Control Act, but is

continuing with its established programs at giving priorities to the

development of suggested State regulations, voluntary standards, and other

means of protecting the public.
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The Bureau is identifying populations which have been subjected
to possible exposure to electronic product radiation. Studies are

underway to determine the public health hazard, if any, to such
population. Research to identify biological indicators for bioeffects
of electronic product radiation is being done intra and extramurally

.

The Bureau also maintains a registry of reported accidental
exposures to electronic product radiation.
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DISCUSSION FOLLOWING MR. GUNDAKER' S PRESENTATION

MR. WILLIAMS (Navy Department) : Would you give examples of
a defect for which you would grant an exemption to the requirements
to notify the customer? What would he have to do if it isn't that
serious?

MR. GUNDAKER: It could be that the product was only manufactured
in such limited numbers (one, two, or ten) that the manufacturer has
exact knowledge on where they are located. Rather than go to the
formal notification procedures, which the regulations even spell
out as far as the type of letter, content and the size, an exemption
might be granted. For such a case it may be impractical to require
the detailed notification by the manufacturer since he is going to

go there and repair the product. Thus a limited number of products
would be an example of where the exemption would be considered.

MR. FASTMAN (American Insurance Association) : You said that
the Bureau supports ANSI. Do you coordinate your work in the prepara-
tion of standards with ANSI at any time?

MR. GUNDAKER: Yes, we do. We have participation on the ANSI
committees and our representatives keep ANSI informed of our standards
development. We have also prepared suggestions to ANSI about standards
that we believe they could develop. Another point I'll mention, is

that ANSI N-44, which is the committee on medical x-ray equipment, is

sponsored by the Bureau of Radiological Health.

MR. HOROWITZ (American Mutual Liability Insurance Company)

:

I'd like to direct my question to all the speakers this afternoon.
Do any of the existing regulations, Federal, ANSI, AEC, require a

certification for a health physicist or a radiation safety officer
who is monitoring and controls a radiation safety program? Also,

do any of the speakers know whether the future regulations, OSHA,

AEC, etc.

,

will include such a requirement?

MR. GUNDAKER: I'll speak for the Bureau of Radiological Health.

As you may have seen from my presentation, the Radiation Control Act

is primarily directed towards the manufacturers of the products since

a manufacturer must certify that his product meets our standard. We

can include requirements such as installation instructions, etc.

,

but we have no plans at the present time to include in these instructions

the provision for certification by a health physicist or radiation
safety officer.
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MR. HOROWITZ: It doesn't answer my specific question. I'm
asking about the radiation health physicist or radiation safety
officer who has to monitor, not only from the planning that you're
talking about, but for the whole program.

MR. WEISS (New Jersey Commission on Radiation Protection)

:

In many of the States there are no specific requirements for certification.
The New York State general license regulations have recently been
amended to make a requirement of this type. I think there is a general
trend. I believe the Illinois State regulations also have a list of
approved individuals, but they don't necessarily have to be certified
by any one of these organizations. They have to be approved by the
Illinois State Department of Health to make inspections of this type.
How far this trend will go remains to be seen.

DAVID HAAS (Philips Electronics): Based upon public announcements
by other government agencies, I wonder if the Bureau of Radiological
Health has a policy concerning defects in products in public announce-
ments?

MR. GUNDAKER: Yes. We have summarized, for example, our
activities for 1971, which included the modification of some 35,000
products. Generally, we have not gone to specific case-by-case
announcements since we have a requirement to report to Congress on
an annual basis what we are doing under the Act. We include infor-
mation in this report about the defects that come to our attention.

MR. HAAS: This is in the annual report?

MR. GUNDAKER: Yes. I might also mention, we did have a special
press release summarizing our activities for calendar year 1971.

MR. BERK (Frankford Arsenal): I'm wondering how the Bureau
would handle safety hazards in consumer products, such as microwave
ovens, once they reach the consumer stage and there is a breakdown
and a real hazard occurs. You have no way of checking this, do you?

MR. GUNDAKER: Yes. We are getting data back on microwave
ovens from our field representatives in the ten regional offices of

the Food and Drug Administration. They're testing ovens for compliance
with our standard as well as for compliance with voluntary industry
standards. If there was a real hazard such as an interlock failure,

we could recall the product and have it repaired. We also have a

requirement for availability of distribution records. The dealer
who sells the microwave oven, for example, must fill out a record

showing the name and address to whom he's selling it. So, by this

mechanism, we are checking to be sure that a product could be
recalled.



MR. BERK: I'm concerned more about mishandling by the consumer
of which you would have no way of knowing.

MR. GUNDAKER: When we find a problem, we will have to make a

judgment of whether it's an equipment problem or user mishandling.
Certainly, if the user hits a microwave oven with a hammer, or
something to that effect, we can't recall the product. We would have
to make a judgment for the specific case.

MR. LEE IFLAND (Genco X-ray Shielding): Are your new regulations
that are coming, on cabinets, written for the system or for the
cabinet iLself? Where is the responsibility placed in the regulation;
on the system manufacturer, or on the cabinet manufacturer?

MR. GUNDAKER: Right now, the responsibility is proposed to

be placed upon the man who assembles the product. If "x" company
has a contract to provide "y" company with a cabinet x-ray system
to be used to inspect tires, and the "x" company buys the cabinet
from someone, he buys the machine from someone else, and puts it all

together. Then "x" company, or the one who combines the components,
would have to certify the product meets our performance standard.

HAROLD BERGER (Argonne National Lab.): It occurs to me that

something like an x-ray machine will probably last a long time.

When you come out with a standard involving lower radiation leakage

on something like an x-ray machine, is any pressure brought to bear
to bring older installations in line?

MR. GUNDAKER: Yes, but only through the State health agencies

and others in their routine inspections. We have no legal mechanism
other than the defect provisions related to products made after

October 18, 1968.
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Much has been said during the past two days dealing with the
subject of this symposium. Now we turn to the topic many of you in the
audience will dislike the most - the inspection programs to determine
compliance with the regulations issued by the various states, and hope-
fully by the states, under contract and adequate funding, with those
of the federal government.

Yesterday afternoon the federal regulations were discussed in
some detail. You also realize that all of the states have regulatory
programs of a variety of nature and quality. Model state laws and
regulations, developed mainly by the federal government and published
by the Council of State Governments, have been used by the states as

guides for their particular regulations

.

These state regulations cover industrial, research, and medical
uses of ionizing radiation. A few of the states have also enacted
non-ionizing regulations, especially pertaining to microwaves and
lasers

.

The subject of this particular talk is "The State’s Role in

Industrial Radiation Safety." I believe it should be more perfectly
phrased as a question, because the role of the state seems to be in

a continuous "state of flux" and especially now, with the two new
federal laws. At one time, the state was the only agency of government
which had a serious role in radiation protection, especially in the

regulation and enforcement area.

I doubt many of us realize that the first effort to control the

use of x-ray equipment was a bill introduced into the New York State

legislature in 1908 to allow only a duly registered and licensed
physician to use an x-ray or Roentgen-ray maching on any human being
for any purpose whatsoever. The bill was amended to include dentists,

but did not pass.

In 1922, the New York City Health Department adopted regulations

requiring x-ray laboratories to obtain a permit for operation.

In Pennsylvania, occupational exposure to radiation was recognized

as a possible health problem in the early 30 's and industrial hygienists

from the Department of Health performed inspections of radium dial



284

painting facilities. Attempts to determine exposure levels were made
utilizing a specially built geiger counter, since none were available
commercially at that time.

In the 1940's, shoe fitting fluoroscope devices were inspected,
again to determine occupational exposure levels. Also the medical,
dental, and industrial uses of x-ray began to be scrutinized by Health
Department personnel.

Following the war, because of the need for national security, the
AEC became the sole producer and owner of reactor produced radioisotopes
and hence the federal regulatory program began. It has expanded and
expanded as you can well see from the variety of federal organizations
represented at this meeting.

I do not want to imply that there is no need for federal radiation
protection programs. However, there is no question in my mind that
all of these programs should be consolidated, and that a real partnership
be worked out between the one federal program and the States. Minimum
national standards for radiation protection are desperately needed.
The states have carried out effective programs in the past and their
activities should not be limited in scope by federal restraint. Many
valuable contributions to the field of radiation protection have been
made by the states. As an example, in Pennsylvania's recent history
there were two types of industrial radiation sources where additional
regulatory authority was needed. These became evident after one very
serious accelerator accident near Pittsburgh, and from the increasing
number of finger and hand bums that were being received from x-ray
diffraction units.

In the accelerator case in 1967, the serious exposure of three
individuals as a result of the apparent failure of an interlock system
caused us to look very carefully at the remaining 52 accelerator
locations in the state. The midline doses of the individuals involved
in the accident ranged from 115 to 600 reins . The life of the operator,
who received the greatest exposure, was saved by a brilliant team of

physicians and a bone marrow transplant from his identical twin.

Subsequently, the operator lost both hands and feet but is still alive.

All three were involved in a multi-million dollar lawsuit against
the manufacturer of the equipment. It was settled among the parties
before the suit was over. To be perfectly honest, if I had personally
inspected the facility prior to the accident, it most likely would
have passed the inspection with flying colors, and I was the health
physicist at the Brookhaven Cosmotron, a large accelerator, for a

year. Following a review of our findings at this and other facilities,

we believed that additional regulatory requirements were necessary and

added a special section on accelerators to our revised regulations
in 1969.
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With respect to analytical x-ray machines, there are in excess of
150 facilities in the state using over 200 such units. Although they
comprise only 1.5 percent of the 10,000 users of radiation sources in
Pennsylvania, between 1957 and 1966, they contributed all the 22
reported cases of industrial x-ray radiation injury requiring medical
attention. Four individuals required amputation of fingers.

Therefore, in 1966, the Department initiated a special study to
determine the scope of the problem and what was desirable for increased
radiation safety for this equipment, if necessary.

In this particular case, the users' knowledge of the equipment
varied from Ph.D's having extensive theoretical training and considerable
experience to technicians with instruction sufficient to accomplish
specific assignments. Appreciation of the peculiar hazards of the
equipment varied across the entire spectrum and did not necessarily
correlate with academic training. Generally, however, users engaged
in R&D were aware of the intense radiation exposure rates in the
primary beam (of up to 10,000 r/minute) , the possibility of scatter
radiation, and the usefulness of shielding. Complete details of our
investigation were published in the Health Physics Journal in 1969, and
this was one of the documents used in preparing the latest ANSI guide
for analytical x-ray machines . (NBS Handbook 111)

.

In any case, it was obvious that additional safety requirements
were necessary and again, these were incorporated in our revised
regulations. Pennsylvania became the first State to enact such
regulations for accelerators and analytical x-ray equipment. The
Council of State Governments Suggested State Regulations are now
being revised with state participation to include specific sections
on both of these types of units.

I, of course, used Pennsylvania's experience only as an example
of what state programs have done in the past and could continue to do

in the future. A few years ago, the state and local radiation programs
originated a new concept to promote more a direct contact with each
other and the federal government. The organization is called the

Conference of Radiation Control Program Directors. Annual meetings
are held, with the cooperation of the Bureau of Radiological Health
of the Department of Health, Education and Welfare, and more recently
with the Environmental Protection Agency also.

An exchange of ideas, new approaches, methods of resolving problems,

and a serious dialogue between the federal agencies and the Conference

have emerged. It has been a success. Conference committees meet routinely

with the Bureau of Radiological Health and EPA officials to assist in

resolving problems and to recommend actions at both the federal and

state level.
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Now let's turn to the regulatory, licensing and inspection role
of the states at the present time. Most states are authorized to conduct
a complete radiation protection program. Such programs include
both environmental monitoring and surveillance and regulatory compliance
and control programs. The Pensylvania law also establishes a broad-based
advisory committee which reviews the policies of the Department relating
to radiation protection matters and gives specific advice and approval
of certain procedures. A special subcommittee was established to assist
us in drafting these revised regulations. They included members of
ANSI, the NCRP, ICRP, ICRU, the medical profession, the American College
of Radiology, the Health Physics Society, the Association of Physicists
in Medicine, and the legal profession.

The regulations were then forwarded to specific organizations in

the state for comment before being submitted to the main advisory
committee for review. The whole process of revising the regulations
took almost two years of very painstaking work. After approval by
the Advisory Committee, they were passed by the Advisory Health Board
of the Department of Health in January, 1970.

For information purposes, in January 1971, our program, along
with all other environmental programs in the Department of Health,
were transferred to the new Department of Environmental Resources.

The great majority of users in Pennsylvania are in the healing
arts professions and since most unnecessary exposure of the public
comes from medical x-rays, we devote a great portion of our compliance
and control program towards reducing that exposure. There is no doubt

that additional funding and personnel are needed in all the states to

increase this activity.

Less than 10% of the users in Pennsylvania would be classified
as industrial users, or less than 1000 of the 10,000 users of radiation

sources. The exact number is uncertain, because we are now in the

middle of our re-registration and licensing program, but from previous
registrations, I would estimate the total to be between 800 and 1000.

And since Pensylvania is leading the nation in the number of

nuclear power plants under construction, in operation or announced
for construction, we are also deeply involved in the nuclear power
controversy

.

So as you can see, a state program has many facets and a rather

complete coverage of the areas of interest in radiation protection of

both the user and the public.
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Under an amendment to the Atomic Energy Act, states can assume
the licensing and regulatory functions of the AEC for radioisotopes
with the exception of quantities of fissile material which may produce
a critical mass. These are the majority of licenses issued by the
AEC. Approximately 50% of the states have assumed this role. Pennsylvania
has not, mainly because of economic reasons. However, we do license the
uses of radium, other naturally occurring isotopes and accelerator
produced materials. Many of the states also perform this function.
This, in effect, brings all radioactive material under the same or
similar licensing and regulatory procedures.

An industrial user of a non-exempt quantity of radioactive material
must apply to the agreement state for a license prior to receipt of

the material. A pre-licensing visit or additional correspondence may
be necessary to determine if the user is qualified and the facility
is adequate. Again, the main purpose is radiation safety, of both
the worker and the public. State licensing regulations and procedures
are very similar to those of the AEC. Although I have no absolute
figures, I doubt very seriously that many applications are turned down.

There may be a long delay in the process to assure proper safety, and

it is possible that the proposed user will request cancellation of his
license application because of the additional requirements needed.

For x-ray users, most states require the vendor or installer to

notify the state of the installation of the equipment. Then the user

must register his equipment with the state on forms provided by us.

Copies of the regulations, or pertinent sections of the regulations

are then forwarded to the user. In Pennsylvania, each user must

register every four years thereafter. Any change in the installation
also requires notification of the Department.

This, unfortunately, for both the agency and the user, is a

necessary waste of valuable staff time. In many cases, follow-up

letters must be sent out because the user has failed to reply. But

we must know the location of the radiation source, it's type and

number of sources, before a site visit can be made.

In Pennsylvania, the data is fed into our computer so that accurate

accounting of the total number, type of user, type of equipment, location,

registration and inspection dates can be quickly retrieved.

The sections of Pennsylvania’s Radiation Protection Regulations

are broken down as follows:

1. General provisions

2. Registration of Radiation Producing Machines and Equipment
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3. Licensing of Radioactive Material

4. Standards for Control of Radiation Exposure

5. Human Use of Radiation-producing Machines or Equipment

6. Human Use of Sealed Sources

7. Industrial Radiographic Operations

8. Other Radiation Sources, which includes accelerators, analytical
x-ray machines, and veterinary x-ray equipment.

Copies of our or any state regulations can be obtained from your
own state radiation control program.

Our inspection priorities vary with the type of user. Although
we classify hospitals and radiology offices high on the list, in-
dustrial users are inspected depending upon the type of facility, it's
past history of radiation safety problems and the last date of inspection,
A new user rates a top priority, and so do industrial radiographic
operations, especially open-air or offsite radiography.

Our compliance staff offices are located in three areas,
southeastern, south central, and southwestern Pennsylvania. Three
health physicists are located in each regional office. All industrial
inspections are carried out by the more experienced personnel on our
staff. The Capitol Office in Harrisburg directly supervises the field
staff and reviews all inspections and compliance letters to determine
quality of work, and to insure a coordinated state effort.

Usually on a compliance letter, we give the user 30 days to reply
to the failure to meet regulatory requirements, and to explain what
action is being taken to correct those deficiencies. If no reply is

received, a certified letter is sent with a 10 day reply requested.
In certain cases where there are more serious problems, a follow-up
visit will be made. Up to this point, we have never had to take anyone
to court to obtain compliance, although we have had to threaten such
action a few times.

From the previous description of our procedures, it would appear
that our inspection and compliance program more befits a police
department than a professional organization concerned about radiation
safety. This is far from true.
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Ten of our health physicists have either attended graduate
school or are certified by the American Board of Health Physics or
both. It is the philosophy of the program to be a health physicist
first, and an inspector second. We, be it education or informal con-
sultation, are attempting to provide industrial radiation users and
all users with a good fundamental radiation safety program. The
regulations are considered the minimum requirements, but believe me,

they are not carved in granite. Professional judgement plays a very
important role in Pennsylvania's program and hopefully in every federal
and state agency with regulatory responsibilities in this field.

The future of state programs depends mainly on federal activities.
I truly believe that regulation should be carried out at the lowest
possible governmental level. The need for federal control of manu-
facturers of equipment and for such complicated facilities as power
reactors is also recognized. We are sure that, working with the

Departments of HEW, Labor, the EPA and the AEC, there can be, and

will be a coordinated approach to the problem of radiation safety

re gulation.
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DISCUSSION FOLLOWING MR. GERUSKY'S PRESENTATION

FRANCIS KARCHNAK (Allis Chalmers Corporation): I do not have
a specific question, except that it pertains to accelerators, 1 KV and
higher. Concerning the gamma alarm; regulations are vague as to the
proper location of the sensor. We found in our facility that we
got quite a significant change in the gamma alarm as you enter the room.
Our room was rather large. We had it in a corner. I wonder if you
would comment on what you prefer for the location of the sensor.

MR. GERUSKY : Well, as I mentioned, the model State regulations
are being revised. And I'm on the committee to revise the accelerator
regulations

.

MR. KARCHNAK: Let me re-phrase the question. What is the best
location of the sensor for the gamma alarm.

MR. GERUSKY: It has been recommended that it should be in the
area where people are.

MR. KARCHNAK: Okay, where people are; not in the entrance area
necessarily

.

MR. GERUSKY: It could be. It depends upon the installation.
I think this is again professional judgement as to where things should
be and should not be. I hate to say this but I think we're over-
regulated. I was going to be the first one to ask the question as

to where we ought to be—where we ought to go. I truly believe that
we have too many—I mean, we have 100 page documents of regulations.
That's unbelievable. The reason is the failure of the user of a

radiation source to do a good job of providing basic radiation protection.
I recall in Brookhaven, when we didn't really have to be concerned
about regulations, we didn't have any problems. We had good health
physics, good training procedures, and proper training. I think our
regulations should be Part 20, basic standards, and then training,
nothing else. There is no reason to have all these complicated
procedures to go through. Again, it depends upon the individual
installations as to how well they're doing the job. If they don't do

the job, they are going to get more and more State and Federal regulations,

and I don't like that at all. I like to be a good health physicist and

not have to worry about adopting them.

MR. BERK (Frankford Arsenal) : How do you keep track of companies

that have purchased radium, thorium, etc, from out of State suppliers.
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MR. GERUSKY: We have notified out of State suppliers that they
have to tell us to whom they send the material. Also there aren't
that many suppliers. We are getting routine information in from the
supplier that tells us where the radium is going. Most of the purchasers
are hospitals. Very few industrial users are still using radium
because of the availability of other sources that are less hazardous
and more convenient to use. We are slowly getting, I’m not saying we
are getting complete, cooperation from all of these suppliers to tell
us where the sources are so that we can determine whether or not the
installations have good radiation safety programs.

MR. WILLIAM RIVKIN (Health Physics Associates) : You mentioned
something about proliferation of Federal regulations which you would
like to incorporate into a single volume and I go along with you
whole-heartedly. The next thing I thought I heard you say that

radiation control should be relegated to the States. Are you assuming
that 10CFR20 should not be applied to all States, but should be a

guideline, and then each individual State go through the same program
that you have gone through in evaluation of the various hazardous
risks and, therefore, we wind up with 50 different programs?

MR. GERUSKY: No sir. What I’m saying is that there is a need
for minimum national standards for radiation protection. I don’t

think there is any question about that. The second point I tried

to make is that there are problems in each individual State that

may require additional safeguards, depending upon that State's

individual program. I don’t think that we would stray very much from

the minimum national standards. But they should be minimum and not

exclusive. There are situations, as I pointed out, both the accelerator

and the x-ray diffraction units, where additional requirements are

needed. That was '66 and '67 when we found out about these problems.

Now the Council of State Government’s suggested State regulations are

going to incorporate them. That's 4 or 5 years after our publications,

our speeches, etc. It's about time that there is a mechanism where

we can get things done in a hurry. If there is a need for special

requirements, it should be left up to that particular State to determine

whether that requirement is needed in their State, before there is a

broad base national policy, because knowing bureacracy, and knowing

the flood situation in Pennsylvania, it takes a long time to get things

done. We don't want to be limited by the Federal Government to do our

job—period.
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The National Institute for Occupational Safety and Health (NIOSH)
provides direction in several areas of industrial radiation safety,
particularly in the areas of:

1. Technical assistance
2. Training
3. Criteria for standards
4. Research

It should be noted that under the Occupational Safety and Health
Act, responsibilities for ionizing radiation relate to only those
ionizing sources in the workplace not covered under AEC regulations,
such as natural activity, x rays, isotopes produced from other than
reactors. There is a broader responsibility for non-ionizing radiation,
or that portion of the electromagnetic spectrum commonly defined as

the radio frequency region between 10 4 - 10 12 hertz. Included here
are ultrasonic, short-wave, microwave, etc., radiation. There are
standards for the ionizing portion and for non- ionizing radiation
between 10MHz or 100 GHz.

In the Division of Technical Services located in Cincinnati we
provide technical assistance to employees, management, or governmental
organizations upon request. This could take the form of assessing a

potentially hazardous workplace where there is an already existing
source or of making recommendations before a unit is placed in operation.
We have the capability to measure alpha, beta, gamma, and x-ray
radiation and from 10 KHz to 110 GHz in the microwave region. For
problem areas outside our capability we have relied on other federal
agencies which have existing equipment and expertise. This has proved
to be successful and is desirable because of the high cost of

specialized equipment and the shortage of personnel in highly specialized
areas. There have been relatively few requests for assistance in the

radiation area so far, and unless the workload is substantially in-

creased, it would be uneconomical to develop a high level of sophistication
in some of the radiation areas. As many of you know, there has been
a lack of adequate field instrumentation for a large portion of the

electromagnetic spectrum such as ultra-sonic, short wave, and portions
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of the microwave band. Recent developments in this area are encouraging,
but as yet have not been tested in a variety of applications.

Another function of the Division of Technical Services is to

scope the extent of the occupational problems. In the radiation area
we conducted a survey, cooperatively with the Bureau of Radiological
Health in the Food and Drug Administration, on the uses of x rays in
industrial applications. One hundred and sixty-five units in 55
facilities were inspected in Ohio. NIOSH is interested in the exposure
levels to the workforce and the BRH is interested in the performance
of the x-ray emitting equipment.

Ohio has a requirement that ionizing radiation equipment, not the
responsibility of the Atomic Energy Commission, must be registered.
We obtained this list of registrants from the Department of Health.
Appropriate State and local health department officials were notified
of our intended visits and invited to accompany our teams. In each
instance a representative accompanied our team during part of the
survey in each portion of the State. The visits were unannounced and
entry was never denied into any of the facilities. We determined the
level of training of the operators, exposure levels recorded from
personnel dosimeters, availability of survey instruments, and the
radiation levels in the workplace. With few exceptions, the units
were being used safely and with little or no exposure to the worker.

Other surveys planned for this year include problems arising
from radium uses and medical x-ray exposure to the operators. A
number of States have programs in these areas and any relevant ex-
periences are solicited. Of most concern would be exposure levels to

the workers and problems from leaking radium sources and their relative
numbers

.

The Division of Training includes lectures in the industrial
hygiene courses on the risks from radiation, how to measure, and
effective control measures to be taken. Although there are no courses
currently given in NIOSH exclusively on radiation, we are assisting
the Occupational Safety and Health Administration (OSHA) in giving
two courses of 2-week duration each this month and next to industrial
hygienists in OSHA. Additionally, a number of grants and contracts
are awarded to universities for two- and four-year programs, which in-

clude radiation courses in their curriculum.

Previously, other governmental agencies provided short courses in
radiological health but due to reallocation of priorities, these are
severely limited. With this in mind, consideration is being given to

conducting some in-house short-term training courses by the Division of

Training.

One of the primary purposes of NIOSH is to develop criteria for

standards to be used by OSHA. This is accomplished either by in-house
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research or through support money by grants or contracts. There is
also involvement by members of the NIOSH staff on committees charged
with recommending standards. Currently, no funds are being spent to
develop criteria in the ionizing radiation area, but there is a contract
to compile the information available on ultraviolet with the purpose
of recommending safe exposure levels.

The Division of Laboratories and Criteria Development is presently
reviewing the adequacy of standards development by the American
National Standards Institute, American Conference of Governmental
Industrial Hygienists, and OSHA to provide the necessary health
protection to the workforce.

An area of some concern is the current standard for microwave
radiation between 10 MHz to 100 GHz. The present standard is the
same (10 mw/cm2 averaged over any possible 0.1 hour period) for all
portions of this wide frequency band. Little or no data are available
about much of this band, and, therefore, there is uncertainty as to

whether or not the standard is appropriate for the entire frequency
spectrum. Through in-house research, contract research, and a review
of the literature, data will be assembled to develop criteria for more
meaningful standards.

Even before the promulgation of criteria for an ultraviolet
standard, there is a recognized need for field instrumentation. A
contract has already been awarded to develop an instrument to monitor
radiation intensity in the range of 200-320 nanometers.

To summarize then - the role of NIOSH in industrial radiation
protection is to provide assistance upon request by labor, management,
or other governmental groups and to scope the extent of radiation
problems. A major function is to provide training to personnel in

industrial hygiene related activities either through in-house research

or by contracts or grants to colleges and universities. A continuing

effort is also being made to develop criteria for standards on a pre-

determined priority basis. This activity is performed through in-

house research or through contracts and grants.

It is apparent after listening to the previous speakers there are

many areas where cooperation between the various governmental agencies

and concerned societies is essential. We all have an interest in the

health and safety of those persons working with radiation. It is our

responsibility to avoid duplication of effort and to assist each other

wherever possible. The sharing of information that may be of interest

to other groups should be standard operating procedure. We solicit

continued cooperation with those persons having an interest and

capability not only in the radiation area but any other aspect of

health and safety.
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DISCUSSION FOLLOWING MR. KARCHES PRESENTATION

MR. ANTHONY PALERMO (Picker Corp.): Where does NIOSH gets its
funding?

MR. KARCHES: We're in the Department of Health, Education, and
Welfare. We were formed when the Occupational Safety and Health Act
was brought into existence in 1970. OSHA stands for two things.
Sometimes people get it confused. One is the Occupational Safety
and Health Act, and the other is the Administration. Under the
Act both the Administration and NIOSH, the National Institute for
Occupational Safety and Health were formed.

MR. RIVKIN (Health Physics Associates) : Mr. Gerusky made a

statement to the effect that there are peculiar problems to specific
States with reference to radition. I strongly take issue with that
statement. Unlike social or economic problems, I think radiation
problems are fairly national in scope. They are the same all over.
The unfortunate accelerator incident that happened in Pennsylvania
was preceded several years by the one that occurred in Illinois.
Had that incident been studied more thoroughly and corrective action
taken at that time, perhaps the incident in Pennsylvania may have
been avoided. Similarly, we had a teletherapy cobalt incident in

Illinois a couple of years ago, which is now altering some of the
recommendations being made locally to various teletherapy users.
This information should be made nationwide, because the equipment
that malfunctioned in Illinois, can malfunction in Florida, Alaska,
Texas, Hawaii, Guam, wherever. There are several companies that
manufacture equipment of this type and they distribute it nationally.
You mentioned that NIOSH isn't getting into equipment. This is a

problem for the Bureau of Radiological Health. Is NIOSH in any way
corroborating some of this information, because naturally, personnel
who are covered by NIOSH are being exposed, or at least stand a chance
of being exposed?

MR. KARCHES: We have worked very closely with the Bureau of

Radiological Health and have close working ties with the people there.

I see no conflict of any kind with working with them. As far as

the differences between States, I think it's a good point. I see
very little difference. It might be a matter of degree, such as more
reactors in one State then another. One of the recommendations I

also made in this report was to turn over the enforcement end of

the radiation work to the States, because this is certainly, in the

next two or three years, about the only way we can hope to have any

inspections or enforcement activity conducted in any reasonable degree.

The only way compliance is really carried out is when there is a

threat of an inspection. Unfortunately, it never worked when it was
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all voluntary. Previously no enforcement action would be taken, and
consequently, I think it failed. The only way to will get the compliance
required, is with the idea that someone might come in and look over
shoulders. Previously, people using industrial units or x-ray units
in the industry, unless there happened to be a good State or local
health department program set up for their inspection, probably had
very few x-ray equipment inspections. Less then half had been inspected
in Ohio.

MR. BERK (Frankford Arsenal) : I have a general question since
we have representatives here from industry, the Federal Government,
and insurance companies. Is radiation considered under hazardous
pay, and what would an insurance company do if a widow of an employee
who had 20 or 30 years in the field of radiation, decides to sue
because her husband died as a result of some type of disease which
is known to possibly have been produced by exposure to radiation.

MR. KARCHES: I'm not sure I understand the question.

MR. BERK: The question, is what action would industry and insurance
companies take in reference to a radiation worker's widow wanting
hazardous pay for her husband having worked in the radation field.
Where a suit is brought that his death was possibly caused by his
exposure to ionizing radiation during his lifetime, even though
the data of his exposure has been below the limits set by a board
of regulations. Since biological data shows that one only needs one
photon to produce a mutant in a cell, and knowing the millions of

photons that radiation workers are exposed to, the likelihood of a

radiation hazard to have contributed to his death is very likely.

MR. KARCHES: Well I can't speak for industry or the insurance
companies, but I think if the employee was within the exposure limits
as specified, industry or its insurers would not mind going to court
with that one if an employee or his heirs were trying to sue, because
I think the industry would be correct if the employee had been exposed
to less than guidelines or standards. You also noted yesterday that

Dr. O'Neill indicated that none of these standards are intended to

protect everyone in all situations. So there may well be an individual
that is biologically sensitive to radiation more then the average
person, and the employer has no way of knowing this ahead of time.

I really suspect that even though the standards hopefully protect
everyone, it is quite possible that there are a few that could be
affected by extremely low levels of radiation. I don't know if there

is any one out here from insurance companies that would care to

comment further on that.

MR. ROBERT GALLAGHER (Applied Health Physics) : As being on

both sides of the litigation sometimes in regard to radiation claims,

I can't help but respond to this particular issue, in pointing out
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that every one of us who has entered this field of nondestructive
testing or radiation safety, pretty well convinced ourselves of the

philosopy of the acceptable nature of the risk, but we're working
in every way to make this even more of an acceptable occupational
task. We have, perhaps, the finest safety record of any industry.
Furthermore, we document that in a manner which is absolutely above
and beyond any other industry. The claims that have been alleged
to have been created by minor exposure, have been unfounded and, I

think, unfortunately sometimes entered into court. That's why you
buy insurance. And that's why the emphasis has to be on documenting
the risks and documenting the fact that the operation has been
conducted safely. The independent audit by either outside agencies
or groups, reassures or reaffirms the fact that you have conducted
your operations as safely as possible. I feel that the emphasis here,
the whole theme of this meeting, has been to try and emphasize, and
I hope to reemphasize, the fact that this is an obligation not only
on the part of the employer, on the part of the regulatory agency,
but also on the part of the employees, and that it is being conducted
year after year in every approved manner. As far as insurance is

concerned, I'd like to join forces with the other people in the insurance
industry, to say that the radiation use in industry is an insurable
risk and it's a good safe job.

MR. FASTMAN (American Insurance Association): I just wanted
to say that as long as a company can demonstrate that the radiation
levels that the employee has been exposed to are below the dose

required by the Federal and State regulations, then the insurance
company is not liable. Certainly a person can be exposed to back-
ground radiation and might get cancer. But this is not a liability
for the insurance company.
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TRENDS IN RADIATION PROTECTION--THE LITTLE
THINGS THAT COUNT IN RADIATION SAFETY

Va. Rob eat C. McMatea
Regent* Paotfe6*oa

Ohio State. Untveatty
Columbia, Ohio

Preceding papers presented in this Symposium on Radiation
Safety and Protection in Industrial Applications have covered the
subject matter thoroughly. Present emphasis on safety with ionizing
radiations is the culmination of 75 years of prior experience since
Roentgen's discovery of X-rays. Within ten years of that discovery,
technical articles and books presented much of the basic information
upon which we base today's codes and procedures for radiation safety
in industry. By the end of World War II, many of the basic instruments
and radiation measuring systems we use today had been conceived and
were in use. Now, of course, we have a multiplicity of sensors and
instruments quite adequate to measure low radiation levels accurately.
Film badge monitoring and other controls provide records of radiation
dosages received by those who use X-rays and isotope radiation in

industry. Federal, State, and local regulations and laws exist to

assure compliance with existing standards. Agencies have been established
to inform radiation workers and their employers concerning these regu-
lations, to enforce documentation including working procedures and
contingency plans for handling radiation accidents.

As with all such codes and specifications, these formalized pro-
cedures for radiation protection will tend to freeze techniques at the

present level of knowledge and instrumentation capabilities. Much of

what is required today was well-known and applied by qualified radiation
workers in industry decades ago. The eternal question, not necessarily
resolved by national safety codes, is that of how to protect the uninformed
or careless individuals who may become involved in industrial use of

ionizing radiations. The hazard that worries us most occurs when people
follow such regulations blindly, as a substitute for intelligent creative

thought, practical reasoning, and sensible action. Radiation workers
should still be trained to use their heads, to think through the reasons

why certain things should be done, and what their consequences will be.

We should make every possible effort to establish controls and

provide guidance which tends to prevent troubles with radiation sources

or hazards to radiation workers or to other persons who might be

unintentionally exposed to ionizing radiations. All too frequently,

however, the most critical factors in radiation safety are related

to the individual human beings who operate radiation equipment, or to
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other people who may be in the vicinity of these operations. Much of
my work has been in education, research, consulting, and working in
industry on special radiation equipment and other nondestructive testing
problems. Almost invariably it has been my experience that, when
disaster occurs or systems go out of control, new factors not previously
foreseen or thought to be coincidental, contribute to the accident
situations. Major disasters or fatal delays in large projects have
occurred when inspectors and quality control personnel did precisely
what they were told to do or what was specified in controlling documents.
The disaster resulted when these individuals failed to follow and apply
the other vital attributes of nondestructive testing;

(1) Be eternally curious and sensitive to anything that is

unus ual.

(2) Apply intelligent observation to each element of the
inspection system, the test object, and the working
environment.

(3) When in doubt, test again by other means, or repeat the
observations until you have established an assurance
that you know what you are doing and what the consequences
will be.

Radiation workers in industry should be selected, trained, and motivated
to apply similar principles in all of their work, particularly where
radiation safety and protection of personnel are involved. This is

the sort of thinking which should be management policy, clearly stated
and implemented. It can require periodic audits of personnel attitudes
or, better still, reindoctrinations and remotivation of staff to assure
their constant vigilance and best efforts toward safety.

Never ASSUME Safety

We teach short courses for industry as well as regular university
courses for engineers and scientists in such fields as X-rays, radio-
isotope applications, ultrasonics, lasers, and other forms of non-
destructive test equipment and techniques. The first axiom I teach
is that one should never assume safety . Safety never results from the
fact that you (or anyone else) may have assumed that equipment is

safe, even where it has been manufactured and installed in full com-

pliance with applicable safety regulations and codes. Never assume
that if you do precisely what has been outlined as a safety procedure,
that you or others are safe. Such assumptions are dangerous - highly
dangerous. It is always possible that equipment has deteriorated, been
mis-used, or subjected to damaging environments. It is always also

possible that a totally-novel element, possibly not related to the

radiation equipment, has been introduced into the situation, and that

it may be the potential cause of accident or disaster.
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This first axiom is followed by a second axiom of equal importance.
Where personnel or equipment safety is involved:

1. Never trust any human being.

2. Never trust any type of equipment (including radiation-
monitoring or measuring devices)

.

3. Never trust any document (including safety regulations
or codes)

.

Use all of these, but never trust them blindly. Be sure they are right
before you trust them. Be sure that no other element of the situation
has changed so as to invalidate the safety information they may provide
to you.

Earlier we heard stories about accidents related to interlocks
on radiation equipment or exposure chambers. Interlock problems
have occurred not only with radiation equipment but with many different
types of industrial equipment for half a century or longer. Never
trust interlocks. Why? Not because the interlock is necessarily going
to fail by itself. Suppose that other persons have entered the radiation
exposure area to do maintenance or perhaps to make a radiation safety
survey. In order to turn on the X-ray equipment so they can check
power supplies or make the radiation safety measurements, they might
tie the interlock switch closed or otherwise adjust it so it cannot
work. If they forget to put the interlock back into service before
they leave the area, there could be serious trouble.

Or suppose that a well-known and trusted technician has worked
with you for years, and has been operating the X-ray equipment. You
are ready to change the film and test object in preparation for the
next exposure. You ask "Are the X-rays turned off?", and he answers
"Yes." You walk in, change the film and test piece, walk out, and

then find that the X-ray equipment had actually been on during all of

this time. One of my good friends had precisely this experience, and

received a fantastic exposure from one of the beryllium-window
X-ray tubes. Even a trusted person may, after five or ten years of

experience, take a quick look at the X-ray equipment and say that it

is safe. Possibly the red exposure warning light has just burned out,

or the control relay did not drop out when he pressed the OFF button.

One should develop the instinctive habit of having a very sensitive,

sniffing attitude when approaching radiation equipment. Not only do

you glance at the warning lights, but also at the beam burrent milliam-
meter, the primary voltage meter, the filament heater current ammeter,

and the high-voltage power supply. As you walk by, you touch typical

components, to see if they may be unusually warm, or hum or vibrate

like a loaded transformer or energized relay coil. As you walk through
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protective doors, you glance upward to see that the interlock switch
is visibly in its open (safe) position. If in any doubt, you manipulate
the interlock mechanism to assure that it works freely, and is not
"gummed up" by accumulations of dirt or dried oil. These precautions
should be a standard habit, and be particularly applied whenever entering
the X-ray area after a week-end shut-down, or following its use by other
individuals, or after any unusual work has been done. Also suspect is

any equipment that has been moved (as in field radiography) , or not
used for any considerable period of time. Touching the cases of high-
voltage equipment routinely each time you pass by it gives early warning
if deterioration is occurring; the slightest hint of electrical shock
or tickle may indicate that dirt is accumulating on the bushing or
high-voltage insulators, or that the ground connection has been disturbed
or broken.

How many seconds does it take to make these observations? When they
become habit, these checks take essentially zero time and cost nothing.
Most people would be surprised how many times these little peripheral
observations have provided early warning of impending troubles that
could lead to disasters. Similar observations also relate to safety.
Cleanliness is vital with high-voltage equipment, including X-ray
equipment. Signs of neglect or carelessness, such as scratches on
instrument panels, penetrameters not always carefully put back into
storage areas when not in use, ionization gages left "On" at the end
of the working period — all these are tell-tales which correlate with
radiation safety compliance. I have never seen an X-ray facility
where a careless, stupid, or accident-prone individual can be economically
justified.

Other observable factors correlate well with compliance to radiation
safety procedures. For example, I am always immediately suspicious
when I hear reports of failures of X-ray equipment in controlled
environments such as industrial X-ray laboratories. In some 30 years,
I have never experienced an X-ray tube failure. Some of our present
equipment contains tubes so old that replacements are not available.
This leads me to suspect that most X-ray tube or equipment failures
are related to their individual operators, and to how they were trained,
their intelligence, and the care with which they use the equipment.

Simple courtesy to one’s fellow workers in a radiation facility
can be of vital importance. I request each man I train, as soon as he

has finished his sequence of exposures, not only to turn off the equip-
ment, but always to turn the filament beam current control to its

minimum setting. If the next operator were careless, and set the

kilovoltage higher than the prior exposure setting, without lowering
the beam current control, it is possible that he could bum out the

X-ray tube even before the panel instruments could swing to their full

indications. Similar courtesies apply to many other factors, particularly
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with respect to the radiation safety instrumentation. Safety equipment
failures should be immediately reported, marked prominently to warn
other personnel, and corrected without delay where feasible. In the
case of electronic instruments or controls, suspicion should be
omnipresent. Each instrument should be tested in a familiar situation
where its response is well-known, before it is used in an unknown
situation. Instabilities or irregularities (such as can occur with
dirty switch contacts, for example) should lead to immediate corrective
action. Experienced X-ray personnel are familiar with numerous other
equivalent examples. New personnel should be trained to be sensitive
and observant of all deviations from normal performance.

Use Simplified Physical Laws With Due Caution

Radiation physics is a well-developed science, and its literature
is immense. In early training, it is common practice to present
simplified forms of physical relationships (easily handled with
elementary arithmetic or algebra) to the neophytes. This is justifiable
as a first step in education. Tragically, all too often, training stops
at this level in exposure calculations or radiation safety principles.
This can be dangerous. The well-known laws were derived and proven
in special situations, and with many limiting assumptions which may

not be valid in practical radiation work. For example, the inverse-
square law is true only for point sources of radiation, and for primary

beam only — it is not at all true for large-area sources of scattered
radiation. The exponential attenuation law is valid only with three

vital restricting assumptions:

(1) The radiation is monochromatic.

(2) The absorber is very thin (perhaps less than l/10th of

a half-value layer)

.

(3) Only the primary radiation passing through the absorber

is measured (secondary and tertiary radiation created

within the absorber, and scatter from other sources, are

ignored and excluded from the measurements)

.

None of these assumptions is valid in the case of practical industrial

radiography with electronic X-ray sources. The total output radiation,

which exposes the film or is measured by radiation instruments, can be

twice, or half, of that indicated by the uninformed use of the exponential

absorption law. In some cases, as in radiography of graphite, organic

materials, or the human body, the secondary and tertiary radiaiton

from the test object can exceed the exposure due only to the primary

radiaiton which the law considers. More roentgens per unit time can

be measured beyond the test material than entered it from the primary

beam of the radiation source. (This effect is known as a "radiation
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build up factor" and is well-known to experienced personnel. There
is some question as to whether all individuals assigned responsibility
for radiation safety measurements are equally-well-informed.

)

When the simplified (and invalid) physical relationships are
transmitted through abbreviated training down to perhaps three generations
of successive X-ray technicians or radiation safety officers, that which
filters out at the bottom of the chain, and on the basis of which radi-
ation safety decisions might be made, is a very shakey basis for code
or specifications.

Safety With Radiation Shielding

Another obvious area for critical judgment is that of the safety
of radiation barriers and shields, particularly after long periods of
use or of careless handling. Many X-ray tube housings contain internal
lead shielding to attenuate radiation emission in directions other than
through the intended X-ray port or window. Shipping, field use, or
careless handling of stationary equipment can, in some cases, lead to

movements of the shielding elements. The result can be a very "hot"
X-ray beam emitted in a totally-unexpected direction from the source.
I believe that it is good practice to check all new tube assemblies,
and those which have been shipped or moved about in the field, periodically
by wrapping an X-ray film in a suitable flexible holder, completely
around the entire tube head. For this purpose, the port or window can

be blocked by lead to stop a major portion of the emission through it.

An exposure for an adequate period is then made, and the film developed.
Any darkspots may indicate a "leak" of X-rays in undesired directions.
Corrective action can be made immediately by addition of external lead
shields, and when feasible, the defective housing can be repaired. The

cost is little, and the assurance of operator safety is greatly-improved.

Similar considerations apply to lead-lined exposure boxes, and

to doors and other elements of large exposure rooms. Initially, when
constructed, such protective enclosures are checked to assure against
radiation "leaks". However, after prolonged or careless use, or with
modifications to permit entry of new wires or cables, they can become
unsafe. Doors are typically shielded with strips of lead which overlap

the cracks between door and frame. These can be bent out of place,

leaving passages for intense radiation beams, by careless personnel
(or even by maintenance or janitorial personnel with no knowledge of

radiation safety) . Holes drilled by plant electricians through such

enclosures should be covered with lead to prevent X-ray leaks.

Periodically, exposure of films in film holders at various points in

the vicinity of such enclosures can reveal deterioration of shielding

systems

.
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A related technique is that of "coning" or restricting the
diameter of the radiation beam at the source. Where only small areas
of test material are to be radiographed (as in the case of welds or small
parts, for example), very effective additional radiation protection
can be attained by collimating the X-ray beam to just the necessary
exposure area. Not only does this increase the probability of radiation
safety, but it enhances the radiographs by eliminating many sources
of back-scattered radiation which can deteriorate the film images.
Tragically, in many installations where various sizes of test parts
must be radiographed, this technique is often ignored, and much more
costly and less-effective radiation barriers are placed at a distance
from the source. In some cases, lead pipe has served effectively to

collimate the radiation beam at the source, with great reductions in

ambient radiation levels.

Positive Limits on Radiation Exposures

In most cases, radiation sources (both electronic or isotope) can
be operated so as to emit radiation for indefinite periods of time.

Exposure timers typically permit a wide range of time, or in some

cases, permit operation until the operator manually turns off the

high-voltage power supply to the X-ray tube. Isotopes, when extended
from their exposure holders, or with ports opened, can also continue
to emit radiation until the operator restores them to their closed

positions. In case of human failure to turn off the radiation source,

it can remain active and potentially expose personnel.

An alternative for consideration is that of radiation sources

with extremely-short, fixed periods of emission of penetrating radia-

tions. Some forms of pulsed or flash X-ray equipment, for example,

have exposure periods as short as 30 nanoseconds. The emitted beam
of X-rays is perhaps only about 30 feet in length, and moves at the

velocity of light. If no one is in a position to be exposed to

radiation during this short period, there is no possibility that he

could walk into the exposure area later and receive exposure. Time,

therefore, is another basic exposure factor that could be used to control

or prevent accidental exposure of humans. It has generally been ignored

in prior discussions of radiation control and safety techniques.

Remote Viewing of Radiation Images

Particular hazards exist with fluoroscopic and other direct-

viewing X-ray inspection systems. With direct fluoroscopy, the operator

is close to the X-ray source and to the test object which scatters

radiation. Any accidental loss of radiation shielding can subject this

operator to intense dosages of ionizing radiations.
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Today, with electronic means for intensifying fluoroscopic
images, and television systems capable of reproducing such images at
a safe distance, there is little justification for direct fluoroscopic
systems. In fact, the inspector could be stationed at considerable
distances, or even in a building separate from that which encloses the
radiation source. If automatic or remote loading and handling of test
objects during viewing is also feasible, there is no reason why any
personnel should be near the radiation areas during industrial inspection
Distance is almost always the best protection, and the most economical
and reliable, in radiation facilities.

Similar remote viewing and evaluation is also feasible with
alternative X-ray imaging systems which also provide permanent records.
In these cases, the exposure is made with the recording medium in its
usual location near the test object and the radiation source. However,
the exposed detection medium is moved rapidly to a remote location,
the image is developed, and viewing can be done in safe locations with
time delays perhaps of the order of one minute or less. Such imaging
systems include rapid-processing Polaroid films. X-ray photographic
papers which can be developed rapidly, and xeroradiography. Xero-
radiography (dry radiography) utilizes a photoconductor detection
medium, and operates on principles similar to those of electrostatic
copying (Xerox copiers) . Mechanized equipment already exists for
preparing xeroradiographic plates for exposure, and for developing
and transferring images to permanent paper documents in about 75 seconds.
This time is short enough, for all three processes, to permit decisions
to be made, and test objects accepted or rejected, in real time as

they proceed along the conveyor system from the exposure room.

Future Trends in Radiation Control and Protection

It is important that we avoid the tendency to freeze the art

and science of radiation protection at the existing levels of tech-
nology for which present laws and codes provide specifications. In

the future, it is conceivable that radiation monitoring and protection
systems will permit telemetering of radiation levels and exposures
to remote computer and data storage and monitoring systems. Possibly
such terminals might be located in the offices of the protective and
law enforcement agencies so that instant alarms could be actuated when
radiation hazards exist. In fact, the same computer systems might
also be used to compute optimum exposures for a multiplicity of indus-

trial facilites utilizing radiographic inspection. This could improve
radiographic quality by optimizing exposure calculations, in place of

the approximate exposure selections made by individual operators using
the simplified (and inaccurate) physical laws discussed earlier in

this paper. Such controls might also replace the annoying and extensive
documentation now employed to transmit information on radiation accidents
and to qualify organizations for use of radiation sources.
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In fact, the greatest potential deterrent to the optimum and

proper potential future use of penetrating radiation to assure product
quality and reliability in American industry is the ever-increasing
documentation required of users. Other forms of nondestructive tests

such as ultrasonic and eddy current tests, for example, which do not

involve ionizing radiation and its potential hazards, at present
require no such documentation. When and if the required documentation
burden becomes excessive and intolerable to industry, it could be
expected that alternative nondestructive test systems would be preferred,
both for economy and for freedom from burdensome governmental and
regulatory interference. A reasonable set of safety codes and speci-
fications for radiation protection may be desirable, to assure that
penetrating radiation tests are not removed from their useful functions
in industrial quality control and reliability assurance.
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